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ABSTRACT 
Utilization of Crested Wheatgrass Plants 
by Cattle Under Several Grazing Regimes 
by 
Patricia Selann Johnson, Doctor of Philosoph y 
Utah State University, 1987 
Major Professor: Dr. Brien E. Norton 
Department: Range Science 
xii 
Patterns of grazing on individual crested wheatgrass plants were 
studied using scale maps of plant basal outlines within randomly 
located plots. The occurrence and extent (part of plant grazed, 
stubble height) of grazing on each plant was recorded on the maps at 
two and three day intervals throughout a grazing treatment. Allometric 
equations for estimating phytomass from plant photosynthetic volume 
were generated using nonlinear regression analysis. Equations were 
specific to year. The percent weight remaining in the stubble of a 
grazed plant was estimated using a second-order polynomial equation 
relating cumulative percent plant height to cumulative percent plant 
weight. A modified bootstrap analysis was used due to the 
autocorrelated nature of these data . These equations were used to 
estimate the percent biomass grazed from individual plants. 
The presence of standing dead culms substantially reduced the 
severity of grazing on individual crested wheatgrass plants. This 
effect was most pronounced for large plants. The deterrence effe ct of 
xiii 
standing dead culms declined as plants matured, but remained an 
important factor affecting grazing severity. The pattern of grazing on 
crested wheatgrass plants was examined under three grazing systems: 1) 
continuous season-long grazing (CSLG), 2) high intensity grazing 
(approximately 60 percent utilization in eight days), and 3) short 
duration grazing. For all grazing treatments, a lower proportion of 
small plants was grazed than medium and large. Only under CSLG were 
small plints grazed more severely than large plants. Under all ocher 
grazing treatments, medium and large plants were grazed as severely as 
small plants. 
The proportion of plants regrazed was low when grazing began at 
the boot phenological stage and regrowth was minimal. It was higher 
when grazing began at later phenological stages , presumably due to the 
presence of regrowth. The proportion of small grazed plants that were 
regrazed was much lower than the proportion of large grazed plants that 
were regrazed. The re grazing event, however, involved, on average, 
more of the previously ungrazed portion of a plant than the part which 
had been grazed before. These results indicate that grazing of 
regrowth on crested wheatgrass pastures under CSLG may not be a serious 
problem. 
(187 pages) 
CHAPTER I 
INTRODUCTION 
2 
Statement of the Problem 
Spring grazing lands are of major economic importance to ranchers 
in the Intermountain West because they provide interim forage for 
livestock. The availability of spring range allows ranchers to reduce 
overwinter feeding costs by moving livestock onto green pastures before 
the nutritious summer ranges are avai lable . Thousands of h e ctares of 
shrublands were converted to grass pastures in the middle of this 
cen tury in response to this need for spring forage; the most common 
species planted in the Intermountain region was crested wheatgrass 
(Agropyron desertorum (Fisch.ex Link)Schult .). 
It is now less economically attractive to convert shrublands to 
perennial grass due to high costs and environmental concerns. As a 
result, research efforts have focused on improved management of 
existing converted rangelands, with the goal of maintaining or 
improving them without reducing livestock gains. Specialized grazing 
systems may provide mechanisms for controlling grazing to achieve these 
management objectives. 
Grazing can affect the composition of a plant community, both in 
terms of species composition and, as in the case of monospecific 
stands, the size or age class structure of the plant population . This 
is a result of complex interactions involving factors such as forage 
selection, timing and severity of grazing, production of defense 
mechanisms by plants, compensatory growth and soil moisture 
conservation (McNaughton 1979, Dyer et al. 1982, McNaughton et al. 
1982) . One benefit expected from grazing systems is more even 
utilization of available forage, that is, the impact of grazing on any 
3 
individual plant should be reduced, and most of the individual plants 
in a pasture should be grazed. Another expected benefit is the 
elimination of grazing of regrowth before plants have sufficient time 
to recover physiologically from the first grazing. Short duration 
grazing, as promoted by Savory (1978, 1979), should achieve more even 
utilization, reduce regrazing, increase stocking rates and improve 
pasture condition . Research results comparing continuous grazing to 
short duration grazing and other rotacional grazing systems (Gammon 
1978, Gammon and Roberts 1980, Pieper 1980) have, however, been 
inconclusive. 
To obtain information on evenness of grazing and the grazing of 
regrowth, it is necessary to study grazing at the individual plant 
level. These data can then be extrapolated to the pasture as a whole, 
or to stratified regions of the pasture. Such data are also useful to 
researchers conducting clipping studies by providing them information 
needed to more accurately simulate grazing. 
Very few grazing studies have followed the growth and grazing of 
individual plants. Such studies require large sample sizes, especially 
if more than one plant species is involved, and are labor intensive . 
Hodgson (1966), for example, studied sheep grazing on ryegrass swards 
by marking 500 tillers in each of 2 paddocks and recording leaf 
lengths, development of secondary tillers, and the event of any grazing 
on each tiller every 3 to 9 days. Further studies by Hodgson and 
Ollerenshaw (1969), Morris (1969), Gammon and Roberts (1978a, 1978b, 
1978c, 1980), and Hodgkinson (1980) examined 600, 180, 1500, and 250 
marked plants or tillers, respectively, at 1 to 28 day intervals. All 
4 
these studies dealt with grazing by sheep, except those of Gammon and 
Roberts (1978a, 1978b, 1978c, 1980) who studied cattle grazing. The 
results presented in these papers indicate that studies at the plant or 
tiller level can indeed yield information needed to assess evenness of 
utilization, i.e . , frequency of defoliation, severity of defoliation, 
distribution of grazing in the pasture , and preference related to plant 
size, species, height, and phenology. 
Knowledge of the impacts of grazing on crested wheatgrass pastures 
is needed in order to utilize them effectively and, at the same time, 
maintain or improve them. Information on the utilization of individual 
plants and the distribution of grazing impacts among plants and within 
pastures for a variety of grazing systems is of vital importance to the 
understanding and management of crested wheatgrass pastures. 
information is, however, lacking. 
Such 
5 
Objectives and Hypotheses 
The overall objective of this dissertation study was to examine 
grazing by cattle at the level of the individual crested wheatgrass 
plant. Of interest were 1) the proportion of the plant population that 
is grazed and regrazed, 2) the severity of a grazing event, and 3) 
factors affecting grazing. Since genetically distinct individuals are 
difficul~ to distinguish in caespitose grasses, a .plant is defined as a 
clump of continuous plant cover which is spatially distinct from its 
neighbors. 
The specific objectives and associated hypotheses, of this study 
are: 
OBJECTIVE 1. 
OBJECTIVE 2. 
H2.l 
H2.2 
OBJECTIVE 3. 
To develop equations relating measurements of plant area 
or . volume to plant phytomass for previously ungrazed 
plants. 
To determine the probability of a plant being grazed, 
the severity of grazing, and factors which influence 
grazing. 
The probability of an individual plant being grazed is 
not affected by plant size or location in pasture. 
The severity of grazing on individual plants is not 
affected by plant size, presence of standing dead culms, 
or type of grazing system imposed. 
To determine 1) the probability of a plant being 
regrazed and 2) whether or not regrazing is concentrated 
on regrowth. 
H3.l 
H3.2 
OBJECTIVE 4. 
H4. l 
H4.2 
H4.3 
6 
The probability of a grazed plant being regrazed is not 
affected by plant size. 
Regrazing is not concentrated on regrowth. 
To identify grazed patches and patterns of grazing at 
the patch level. 
Grazed patch size is equal to plant size. 
Grazed patch size is constant over an uninterrupted 
period of grazing. 
Patch size patterns are the same for all types of 
grazing studied. 
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Organization of the Dissertation 
This dissertation consists of five papers (Chapters II-VI), 
preceded by this introduction (Chapter I) and followed by a general 
summary (Chapter VII). Each of the five papers is written with the 
intent to submit to a refereed journal for publication. These papers 
satisfy Objectives 1, 2, and 4. Problems with sampling techniques 
resulted in data unsuitable for analysis of grazed patches (Objective 
3). This is discussed further in Appendix C. Although the five papers 
are separated into distinct chapters, the goal is not to present five 
disjointed studies , rather · an integrated study of utilization of 
crested wheatgrass plants. 
An essential element t~ the study of utilization is the ability to 
estimate the phytomass of an ungrazed plant (Chapter II). This was 
accomplished through the use of allometric equations which relate plant 
volume to phytomass. Equations of the allometric form ( Y = aX.b) are 
theoretically appropriate for describing relationships between plant 
components in general (Hunt 1978, Causton and Venus 1981) and, more 
specifically, relationships between plant photosynthetic volume and 
phytomass (Tausch 1980). 
The fact that the vertical distribution of phytomass is not even 
has been understood for many years, as evidenced by the height/weight 
tables of Crafts (1938). A quantitative description of the 
relationship between percent plant height and percent plant weight 
remaining in stubble (or, conversely the percent height and weight 
removed) is important for estimating biomass removed by grazing. This 
8 
relationship is described using a modified bootstrap technique for 
analysis of autocorrelated data (Chapter III). 
The equations developed in Chapters II and III are utilized in 
Chapters IV, V and VI to produce estimates of biomass grazed. This is 
then expressed as a percentage of the pre-grazing biomass to facilitate 
comparisons between plants of different sizes . 
Some factors thought to influence both the probability that a 
plant will be grazed anci the severity of grazing are examined in 
Chapter IV . Those factors are 1) accumulations of standing dead culms, 
2) phenological development of plants and 3) plant size. Proportions 
of plants grazed, and the severity of that grazing, are compared among 
seven grazing treatments in Chapter V, including continuous season-long 
grazing and short duration grazing . The final paper, Chapter VI, 
examines whether or not regrazing of crested wheatgrass plants is a 
serious problem under continuous season-long grazing. 
CHAPTER II 
ESTIMATION OF PHYTOMASS FOR UNGRAZED 
CRESTED WHEATGRASS PLANTS USING 
ALLOMETRIC EQUATIONS 
9 
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Intr oduct ion 
There has been much recent interest in using nonlinear regression 
models , such as allometric equations, to predict plant biomass 
(p hytornass). Nonlinear models usually fit biological data at least as 
well as, if not better than, linear models (Payandeh 1983). Estimation 
of parameters for nonlinear models is much more difficult than for 
linear models because they must be estimated us'ing complex iterative 
procedures. The availability of computers and software for these 
procedures, however, has made nonlinear regression analysis available 
to anyone. 
There is an enormous literature, including tables of equations, 
for many tree and shrub species relating phytomass (total, foliage, 
wood, etc.) to such variables as stern or bole diameter, crown area and 
plant height (e.g. Ohmann et al. 1976, Tritton and Hornbeck 1982, Smith 
and Brand 1983). The generally high R2 values reported for such 
equations indicate a good fit, and many predict phytomass well (e.g. 
Crow 1978, Payandeh 1981, Tritton and Hornbeck 1982). 
Data required to generate allometric equations can be expensive to 
obtain, so it is often easier to use published equations, if available, 
rather than develop new ones. Several equations may be available for a 
single species and several approaches have been suggested for selecting 
or modifying one for use (Schmitt and Grigal 1981, Trit ton and Hornbeck 
1982, Pastor et al. 1984, Brand and Smith 1985). There are, however, 
drawbacks associated with using published equations. Many are the 
result of linear regression of log-transformed data, a technique that 
introduces prediction bias (Payandeh 1981 ). Such equations should be 
11. 
adjusted for bias, and R2 values should be adjusted to the original 
scale ( Payandeh 1981). Available allometric equations may have been 
developed using plants of a limited range of sizes and are thus 
questionable for use outside that range. Ecotypic variation may also 
make the use of published equations inappropriate . 
Allometric equations fitted to grass and forb data are also 
available (e.g. Ohmann et al. 1981, Smith and Brand 1983), but are less 
common than t hose for trees and shrubs. The coefficients of 
determination (R2 ) for these equations are generally low which may be a 
result of an inappropriate choice of predictor variables, regression 
model, or both. The independent variable most commonly used in 
ph yto mass prediction equations for grasses and forbs is percent cover. 
Small cover estimates (less than 40% cover), common for grasses and 
forbs , are associated with large coeficients of variation (Hatton et 
al. 1986). Also, foliage density and height, and thus phytomass, can 
be quite variable for any given cover value introducing still more 
variation and contributing to a poor fit. While the fit of allometric 
equations to cover and phytomass data is often poor, simple and 
multiple linear regression equations offer little improvement, and R2 
values for grasses as low as 0.30 are common (Brown and Marsden 1976). 
An alternative to cover as the predictor variable is crown volume, 
which has not been widely used to date but which has a strong 
theoretical relationship to phytomass (Tausch 1980). It has shown 
promise for several grasses and a forb, with coefficients of 
determination for grasses exceeding 0 .8 0 for both linear and allometric 
regression equations (Tausch 1980). 
12 
Phytomass estimation of grasses and forbs is an important problem 
in range research and is crucial in evaluation of production and 
utilization. Much time, effort and money has gone into examination of 
relationships between measurable plant attributes and phytomass, and 
there is great need for identification of those relationships that will 
allo w accurate prediction of phytomass. Thus the objectives of this 
study were to 1) describe the relationship between crown volume and 
ph y tomass using nonlinea~ regression analysis for a single caespitose 
grass species, crested wheatgrass (Agropyron desertorum (Fisch. ex 
Link)Schult . ), 2 ) determine the stabilit y of these allometric equations 
over time, and 3) evaluate the equations for prediction of phytomass 
for new plants. 
13 
Methods 
This study was conducted in Tintic Valley, approximately 8 km 
southwest of Eureka, Utah on a research area maintained cooperatively 
by Utah State University and the Bureau of Land Management (U.S. 
Department of Interior). The area has an elevation of approximately 
1830 m and an average precipitation of 320 mm, the majority of which 
falls in winter and spring (Cook 1966) . Twenty-four improved pastures 
(28 ha each) were established on the area in the late 1940's and early 
1950's on land previously dominated by sagebrush (Artemisia tridentata 
Nutt. spp. tridentata Beetle ) and juniper (Juniperus osteosperma 
[Torr.] Little). 
Ungrazed cre sted wheatgrass plants were sampled during the growing 
season in each of three years: 1981 , 1983 and 1984. Since genetically 
distinct individuals are difficult to distinguish in caespitose 
grasses, a plant was defined as a clump of continuous grass cover which 
is spatially distinct from its neighbors. Plants selected at each 
sampling date were chosen to represent the range of plant sizes (based 
on basal area) evident in the pasture being sampled. Standing plant 
height plus two or more (depending on year) diameters were measured on 
each plant. Diameter measurements excluded dead areas of the plant 
crown greater than 1 cm in diameter. The plants were then clipped to 
the crown and any dead material from previous growing seasons was 
removed . Each plant was placed in a paper bag, oven dried at 70°C for 
a minimum of 24 hours and weighed. Data collection methods varied 
between years, especially as regards diameter measurements, pastures 
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sampled and sampling dates. The following provides those details for 
each year. 
Approximately 35 plants were collected on each of five dates in 
pasture 17 ( 13 May to 9 June at about one week intervals), on each of 
ni n e dates in pasture 19 ( 6 May to 10 July at about one week inter v als ) 
and on each of five dates in pasture 8 (17 June to 15 July at about one 
week intervals). Total sample size was 669. The diameter measurement 
recorded in the field for each plant was average basal (crown) 
di a mete 'r : 
d 
where the longest basal diameter and 
the longest basal diameter 
perpendicular to d1. 
[ 2. l] 
Fifteen plants were collected from each of four pastures (2, 8 , 18 
and 22) at four dates: 26 May, 31 May, 8 June, and 23 June. An 
additional fifteen plants were collected from each of two pastures (14 
and 19) for all but the first sampling date above. Total sample size 
was 324. 
included: 
Diameter measurements recorded in the field for each plant 
d1 longest basal diameter 
d2 longest basal diameter perpendicular to d1 
c1 longest canopy diameter 
c2 longest canopy diameter perpendicular to c1 
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1984 Data 
A total of 43 plants were collected on 13 May from pastures 8, 14, 
18 and 19 and a total of 50 plants were collected on 28 June from 
pastures 9, 10, 17, 18 and 19. Total sample size was 93. Diameter 
measurements were the same as those for the 1983 data . 
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Analyses 
Three models (Figure 2.1) were used to describe the volume 
occupied by the aboveground portion of crested wheatgrass plants : 1) 
basal elliptical cylinder (BEC) is an elliptical cylinder calculated 
using basal diameters and plant height , 2) canopy elliptical cylinder 
(CEC) is an elliptical cylinder calculated using canopy diameters and 
plant height, and 3) elliptical cone section (EC) which uses plant 
height ·and both canopy and basal diameters. Equations for calculating 
these volumes are: 
BEC 
CEC 
4 
EC + - - - -. + - - - - + 
6 4 2 
where: d3.. longest basal diameter 
d2 longest basal diameter perpendicular to 
c1 longest canopy diameter 
c2 longest canopy diameter perpendicular 
h standing plant height 
Allometric equations of the form : 
y =a+ bVc 
where y 
v 
a, b and c 
plant biomass (g) 
canopy volume (cm3) and 
regression coefficients, 
to 
[ 2. 2) 
[ 2. 3 J 
[ 2 .4] 
d1 
c1 
[ 2. S] 
were fitted to the data sets using a Simplex algorithm (Caceci and 
Cacheris 1984). Goodness of fit was measured by R2. The standard error 
of the estimate (SEE), which is commonly used to express precision of 
-;; 
C2 
1 
Basal Elliptical T 
Cylinder (BEC) j, 
Cl 
h 
f-d2-I 
T Canopy Elliptical l Cylinder (CEC) 
h . "' 
Elliptical l 
Cone (EC) 
T 
C2 
.1 
Figure 2.1 Diagrammatic representation of a crested wheatgrass plant 
and three models for describing its volume. 
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estimation (Payandeh 1981, Schlaegel 1981, Brand and Smith 1985) was 
calculated: 
SEE 
where Yi 
Yi 
A 2 1/2 
E (y. - y.) / (n - 2)) 
1. 1. 
ith observed value and 
a+ bV~ 1. 
[ 2. 6 J 
The nine plant size classes of Norton and Johnson (1981,1986) were 
reduced to three which were 1) small (basal area < 80 cm2), 2) medium 
(80 cm2 ~ basal area< 180 cm2) and 3) large (basal area> 180 cm2). 
The data from 1983 was divided according to these size classes for 
analysis . 
The ultimate purpose of generating these nonlinear regression 
equations was to accurately predict phytomass for new plants. 
Therefore, the data sets for the three years as well as for the three 
size classes in 1983, were each randomly divided into two groups (Snee 
1977). The first group (the fitted data) consisted of approximately 70 
percent of the plants from an original data set and was used to 
generate a nonlinear regression equation. The remaining 30 percent was 
used as an independent data set (the test data) to validate the 
regression equation. SEE was used to evaluate the performance of each 
equation in predicting the phytomass of the test data. SEE for the 
test data, PSEEk, is calculated: 
where k 
Yj 
PSEEk = ( E(yj - ;j) 2 / (n - 2)) 1/ 2 
indicator for the regression equation used 
the jth observed value of the test data and 
[ 2. 7] 
a+ bV~ 
J 
(using coefficients of the kth equation). 
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Results and Discussion 
The fit of each of the three models of plant volume (basal 
elliptical cylinder, canopy elliptical cylinder and elliptical cone) 
was tested using the 1983 and 1984 data (canopy diameters were 
unavailable for 1981). Based on the results of nonlinear regression 
a nal ys is ( Table 2.1) the elliptical cone model fits crested wheatgrass 
Table 2.1 Compa.cison of three volume models for crested wheatgrass 
plants for 1983 and 1984 using nonlinear regression 
analysis. 
Nonlinear regression coefficientsl 
Year Volumel 
_Ji_ _Q_ ~ ~ SEE 
BEC 2. 547147 0.001011 1. 120109 0.8463 7.9629 
1983 CEC 0.113934 0.000028 1.299936 0 .79 82 9.1247 
EC 4.429602 0 .0 00007 1. 485287 0 . 8817 6. 9871 
BEC 0.080242 0 . 013790 0.777349 0.7957 4 . 7705 
1984 CEC -0 . 468961 0.006120 0.797446 0.7664 5.1016 
EC -0 . 269877 0.006946 0.812984 0 . 7963 4.7644 
lvolume models are basal elliptical cylinder (BEC), canopy elliptical 
cylinder (CEC) and elliptical cone section (EC) . 
.2.Nonlinear regression model is y =a+ bVc where y = phytomass, and 
V = plant volume (calculated as BEC, CEC, or EC). 
volume best, with the basal elliptical cylinder a close second and 
canopy elliptical cylinder third. The natural shape of a crested 
wheatgrass plant is more conical than cylindrical, (Figure 2. 1) so 
these _results are not surprising. However, calculation of conical 
volume includes canopy diameters which are subject to more measurement 
error than basal diameters. The limits of the canopy are seldom well 
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defined and windy conditions increase the subjectivity of measurement. 
Basal diameter measurements, on the other hand , are much easier to 
obtain and the results are more reliable, as is indicated by the higher 
R2 and lower SEE for BEG compared to those for CEC. 
The error associated with estimating canopy diameters can reduce 
the advantage gained by calculating plant volume using the more 
realistic elliptical cone equation. When one also considers the added 
expense of measuring canopy diameters it becomes apparent that, of the 
models considered, the basal elliptical cylinder provides the best 
compromise of realism, reliability and expense. 
Results of -non linear regression analysis for plants of three size 
classes is presented in Table 2.2. For each size class, and for all 
size classes combined, SEE is smaller than PSEE1 indicating the 
equations are better predictors of the data they were fitted to than 
they are of the test data. A comparison of the size class- specific 
equations with the equation generated for all size classes in terms of 
their ability to predict the test data for each size class (PSEE1 
versus PSEE2) gives mixed results (Table 2.2). The nonlinear equations 
fitted to small and medium plants better predict the small and medium 
test data than does the equation for all sizes combined. The combined 
equation is, however, the best predictor for the large plants . The 
difference between PSEE1 and PSEE2 is relatively small for small and 
medium size classes, indicating only a small advantage to producing 
separate equations. 
Table 2 . 2 Comparison of nonlinear regression equations for small, medium , 
large and all size classes of crested wheatgrass plants collected 
in 1983, using R2 and SEE for data to which equations were fitted 
(70% of each data set) and PSEE1 and PSEE2 for test data (remaining 
30% of each data set}. 
Nonlinear Fitted Test 
Regression Coefficientsl ~ata ~taUstics Data Statisticsl 
Size 
Class 
_L _Q_ _.£_ _n_ ~ SEE _n_ PSEE1 PSEE2 
s 1. 378042 0.000031 1.63013 110 0.7945 1. 9644 so 2.5842 2. 7254 
M 4 : 853356 0 . 000005 1. 74 782 72 0. 7214 5.7500 30 6 . 1829 6 . 2195 
L 2 . 637254 0.000293 1. 23444 46 0.8734 13.9765 14 21.4781 19. 9116 
ALL 2.529759 0.000797 1. 41111 228 0.8734 7.8425 94 8.2074 8.2074 
lNonlinear regression model is y - a+ bvc where y - phytomass and V -
plant volume calculated as BEC. 
lpsEE1 - standard error of the estimate for the test data of each size 
class using the equation fitted to 70% of the data for that size class . 
PSEE2 - standard error of the estimate for the test data of each size 
using the equation fitted to 70% of the data for all size classes. 
N 
....... 
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When the values of SEE (and similarly PSEE1 and PSEE2) calculated 
for each size class are combined over the size classes using: 
CSEE 
where 
A 2 A 2 A 2 
__ '"_ ~ ~ ~ _ : _ ~ ~ ~ __ ~ __ '"_ ~ ~ j _ : _ ~ j ~ __ ~ ___ '" _ ~ ~ ~ _ : _ ~ ~ ~ _ ) 1 I 2 [ 2 . 8 ) 
n. + n. + n.. - 2 
1 J k 
the difference between a c tual and p r edic t e d 
phytomass for the rth : 
small plant when r = i 
medium plant when r = j 
large plant when r = k 
t he r e sults are CSEE = 7.0793 , CPSEE1 = 8.6769 and CPSEE2 = 8 . 20 74 . 
These indicate that, again , the equations are better predictors of t h e 
data they were fitted to than they are of the test data. The fact t hat 
CPSEE1 is larger than CPSEE2 indicates that , for the tes t data , t h e 
equation for all size classes combined produces the best prediction. 
Thus , if ph y tomass predictions are required for plants from a wid e 
r ange of size classes, one general equation can be expected to produce 
t he lo west standard error of the estimate . If, however , phytomass 
predictions are intended for only small and medium sized plants , the 
enhanced precision of prediction may be sufficient justification for 
the added expense of collecting data .to generate two separate nonlinear 
regression curves. 
I deally the nonlinear equation relating plant volume to phytomass 
for one year would hold for all years . However , this does not appear 
to be the case for crested wheatgrass. The coefficient c (the power of 
volume) ranges from O. 337041 to 1.14111 over the three years (Table 
2.3) . The functions for the three years are plotted for a typical 
range of canop y volumes at the site in Figure 2.2. 
Table 2.3 Comparison of nonlinear regression equations for three years 
using R2 and SEE for data to which equations were fitted (70% 
of each data set) and PSEE1 for test data (remaining 30% of 
each data set) . 
Nonlinear Fitted Test 
Regression Coefficientsl Data Statistics Data Statisti cs 
Year 
_L .JL ___£__ _!L J2_ SEE _!L PSEE1 
1981 -0.749803 0.302264 0.337041 460 0.6790 1 . 5978 209 1. 6146 
1983 2.529759 0.000797 1. 141111 228 0.8734 7.8425 96 8.2074 
1984 0.145643 0 . 015307 0.759322 65 0.8253 4.2548 28 6 . 2266 
lNonlinear regression model is y - a+ bVc where y - phytomass and 
V - plant volume calculated as BEG. 
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Figure 2.2 Plot of random subsets of 1981, 1983 and 1984 plant volume 
(basal elliptic~l cylinder) and phytomass data, and the 
allometric equations developed for those data . 
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Obviously the predicted phytomass for any given canopy volume will 
change markedly with a change in equations, and an equation fitted to 
data from one year will not predict accurately for a different year. 
The aboveground structure of grasses is reconstructed every growing 
season and is subject to environmental perturbations which may affect 
the volume-to-weight relationship. It is likely, however, that 
equations developed for shrubs and trees are more stable, owing to the 
presence 'of a perennating strl.lctu:.::-e which more reg ·ularly defines t.he 
volume that can be occupied by the plant. 
For the three years of data presented, R2 ranges from O. 6790 to 
0.8734 (Table 2 " 3). This may be explained, in part, by a change in 
measurement of basal diameters between 1981 and 1983. In 1981, two 
basal diameters were measured and their average was calculated 
mentally. This technique resulted in two potential sources of error: 
1) arithmetic errors in averaging and 2) model errors caused by forcing 
d1 = d2 which results in volume calculated as a circular cylinder (a 
special case of an elliptical cylinder). 
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Conclusions 
Results of this study indicate that while a cone may be the most 
theoretically realistic model of the volume occupied by a crested 
wheatgrass plant, an elliptical cylinder calculated using plant basal 
diameters is the practical choice. Errors associated with canopy 
diameter measurements and the added cost of taking these measurements 
make the cone model less desirable. Nonlinear regression by plant size 
class may be beneficial if the goal is to predict phytomass for only 
small and medium-sized plants. If the phytomass of a wide range of 
plant sizes is · to be predicted, however, the overall standard error of 
the estimate (SEE) may be lower when using a nonlinear regression 
equation fitted to data from all size classes. New allometric 
equations should be generated each year for grass species. Extreme 
va riation in the coefficient estimating the power of the allometric 
equation from year to year for crested wheatgrass indicates a highly 
va riable relatj_onship between volume and weight on a yearly basis, 
although the error within a year is generally acceptable. 
CHAPTER III 
ESTIMATION OF REGRESSION PARAMETERS USING 
A MODIFIED BOOTSTRAP TECHNIQUE 
ON AUTOCORRELATED DATA 
27 
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Introduction 
A common problem in biological research is having non-independent 
samples. Independence of each sample from the others, and thus 
independence of error, is an integral assumption associated with 
statistical analyses such as regression and analysis of variance 
(Cochran and Cox 1962, Neter and Wasserman 1974). Violation of this 
assumption leads to such problems as 1) underestimation of error 
variance by MSE, 2) least squares regression coefficients are unbiased 
but no longer minimum variance, 3) the standard deviation of the 
regression coefficients may be severely underestimated, and 4) 
confidence intervals and t and F tests are no longer exact (Neter and 
Wasserman 1974). 
Studies likely to have problems with non-independent error terms, 
or autocorrelation, include any in which repeated measurements are 
taken. A good example is growth analysis, in which measurements of the 
same individuals are taken over time. Instead of being independent, 
the error terms are likely to be a function of each other, for example: 
et = et-1 + 6 t 
and are thus correlated. 
Morrison (197 6) describes the use of Khatri' s method of fitting 
growth curves (Khatri 1966), which is one of a group of methods 
available which allow analysis of correlated data (Rao 1966, Grizzle 
and Allen 1969) . These techniques can be very difficult for non-
statisticians to understand and implement. An alternative procedure is 
the bootstrap, which was first described by Efron (1979) and which has 
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been suggested as a means of describing variability of least squares 
regression analysis (Diaconis and Efron 1983). 
The basis of the bootstrap method is the generation of many random 
subsamples (sampling with replacement), and an estimate of the 
parameter of interest is generated for each (Efron 1982) . The group of 
these estimates can then be evaluated to provide a single estimate of 
the parameter, its variance, confidence intervals etc . The advantage 
of the bootstrap is that it is a nonparametric technique which is not 
dependent on the assumptions of parametric statistics (Diaconis and 
Efron 1983). 
The bootstrap approach is relevant to the derivation of an 
equation which describes the relationship between cumulative percent 
height and cumulative percent weight for crested wheatgrass (Agropyron 
desertorum (Fisch. ex Link) Schult.) plants. Such an equation is an 
integral part of the methodology needed to estimate utilization of that 
species when using the approach used in this dissertation. The samples 
are non-independent since each cumulative percent height (or weight) is 
the sum of the previous cumulative percent height (or weight) and a new 
increment. Thus this problem cannot be treated as a simple parametric 
problem. The purpose of this paper is to demonstrate the use of a 
technique which is a modification of the bootstrap for regression 
analysis of these data with correlated error terms. 
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Methods 
Plant materials were collected for this study from a research area 
located near Eureka, Utah, which has been cooperatively maintained by 
the Bureau of Land Management (U.S. Department of Interior) and Utah 
State University. The site has been described elsewhere (Cook 1966). 
A total of 576 plants ·were collected on eleven dates in 1981 (13 J 16, 
21, 28 t1ay; 3, 9, 17, · 23 June; ' 10, 15 J~ly) from 3 pastures .L J 
(8,17,19) at the site. 
Plants were selected to represent the range of plant sizes 
encountered in the pastures. Free-standing plant height was first 
measured for each plant; then the plant was clipped at the base and 
wrapped with string to maintain the vertical position of the plant 
parts . Each plant was cut into a series of segments (a horizontal cut 
parallel to the ground), from the base upward (Figure 3.1). The first 
five segments were each 3 cm in vertical length; all remaining segments 
were 5 cm except the last which varied from 1 to 5 cm depending on 
standing plant height . Each segment for each plant was bagged, dried 
and weighed separately. 
The length of a segment was expressed as a percentage of the 
standing plant height by: 
1. 
PH. 
]._ 
x 100 [ 3. l] ]._ 
H 
where li segment length (cm) 
H standing plant height (cm), 
Segment 
[ % height length (cm) 
T 
100 5 
T _L 
T 
97 .2 
T 
5 
_J_ 
• 
i f I 
T 
83 .3 
T 
69.4 
\ 'I I I 
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Figure 3.1 Diagrammatic representation of segmentation of crested 
wheatgrass plant with lengths of each of first 5 segments 
(from base upwards) equal to 3 cm and all remaining 
segments equal to 5 cm. 
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and the weight of a segment was expressed as a percentage of total 
plant weight by: 
PW. 
)._ 
where wi 
w 
W. 
)._ 
w 
x 100 
segment weight (g) 
total plant weight (g). 
( 3. 2 J 
Cumulative percent height (CPH) was then calculated for the ith segment 
by: 
CPH. 
)._ 
i 
L 
j=l 
PH. 
J 
and cumulative percent weight (CPW) by : 
CPW. 
, )._ 
i 
L 
j=l 
PW. 
J 
[ 3. 3 J 
[3.4] 
The result is a series of (CPHi,CPWi) data pairs ranging from (0,0) to 
(100,100) for each plant in the sample. 
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Analyses and Results 
A plot of the data (Figure 3.2) revealed a curvilinear 
relationship between CPH and CPW. It appeared that a second-order 
polynomial model would approximate the response function well. Second-
order polynomial regression was first performed on all data of all 
plants (a total of 589 9 (CPHi,CPWi) data pairs). This resulted in the 
following equation: 
Y = -0. 720 80 + l . 88376X - 0.0088832X2 [ 3. 5] 
where Y 
x 
CPW and 
CPH 
with R2 = 0.930. The Durbin ~Watson statistic is 0.42 which, when 
compared to the Von Neumann value (0. 978927, where n=5899, a =0. 05) , 
calcula ted according to Theil and Nagar (1961), implies autocorrelation 
of the data , as was expected . The data were next subjected to a 
procedure similar to the bootstrap . Twenty random subsamples of the 
data set were each constructed in the following manner: from the data 
for each plant one (CPHi,CPWi) data pair was randomly selected, 
res ulting in a sample size of 576 for each of the 20 subsamples . By 
on l y taking one (CPHi,CPWi) data pair from each plant the problem of 
correlated error is avoided . By not sampling with replacement (one 
data pair per plant, each plant only once) this procedure is not, 
technically, a bootstrap, but rather a modified bootstrap. 
Second-order pol ynomia l regression was performed on each of the 
twenty subsamples and the results are presented in Table 3 . 1. For all 
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Table 3 . 1 Results of second-order polynomial regression analyses for 
20 random subsamples of cumulative percent height, 
cumulative percent weight data for 576 plants. 
Nonlinear Regression Coefficients1 
Sample bo b1 b2 R2 DW 
1 -0 . 2425 1. 84753 -0.0085597 0.973 1. 78 
2 -0.4884 1. 87149 -0 .0088049 0.971 1. 78 
3 -0 . 1749 1. 86037 -0 .0087410 0.971 1. 78 
4 -0.6249 1 . 85650 -0 . 0085883 0.972 1. 72 
5 -0.5005 1.86690 -0.0087376 0.975 1. 71 
6 0 . 0838 1. 84089 -0.0085735 0.965 1. 54 
7 -0.4622 1.84676 -0 . 0085075 0.974 1. 67 
8 -0.4416 1. 87346 -0.0088099 0.972 1. 59 
9 -0.1543 1.83127 -0.0083594 0.975 1. 69 
10 -0.3602 1.84849 -0 . 0085620 0 . 971 1. 58 
11 -0.1565 1. 81887 -0.0082558 0. 972 1. 68 
12 -0 . 2142 1. 85304 -0 .0086335 0.965 1. 71 
13 -0.1525 1. 85081 -0.0086058 0 . 972 1. 67 
14 -0.2357 1. 85063 -0.0086150 0 . 972 1. 73 
15 -0.3651 1. 85308 -0.0086084 0 . 969 1. 71 
16 -0.3756 1. 86563 -0 . 0087587 0.975 1. 72 
17 -0.1503 1. 8465 7 -0 . 0085491 0. 973 1. 65 
18 -0 . 0776 1.83129 -0.0084367 0.971 1. 72 
19 -0.4622 1.86103 -0.0086798 0.970 1. 59 
20 -0.6272 1.89717 -0.0090566 0. 972 1. 73 
Average -0. 30913 1.85359 -0.00862216 0. 972 1. 69 
Se 0 . 04249 0.00383 0.00003889 0 . 000613 0.0153 
lsecond-order polynomial regression model is Y - ho+ b1X + b2X2 where 
Y - cumulative percent weight (CPW) and X - cumulative percent 
height (CPH). 
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A 
20 equations the intercept term (bo) is not significantly different 
(PSO. 05) from zero, but the first-order and second-order coefficients 
A A 
(b1 and b2 respectively) are significantly different (P:::0.05) from 
zero. 
The modified bootstrap equation (Table 3.1) is : 
Y = -0.30913 + l.85359X - 0.00862216X2 
where Y 
x 
CPW and 
CPH, 
[ 3. 6] 
and is plotted with equation 3. 5 and a random subset of the data in 
Figure 3.3. Confidence intervals (95%) for the coefficients are: 
-0.39878 < i;o < -0.21948 
1.84550 < bl < 1. 86168 
-0.00870 < b2 < -0.00854, 
none of which include the coefficients of equation 3.5. The R2 values 
for the regression equations for the 20 subsamples are all greater than 
0.960, indicating a very good fit for each, and the average R2 value is 
0. 972. DurbinrWatson statistics for each of the 20 equations do not 
indicate autocorrelation, based on the calculated Von Neumann ratio 
(Theil and Nagar 1961) of 0.93507 (n=576, a =0.05). 
The MSE' s (mean squared error) for the regression equations for 
the twenty subsamples ranged from 30. 888 to 40. 314, while MSE for 
equation 3.5 was 55.550. 
A A A 
Standard deviations for bo, b1 and b2 for 
equation 3. 5 were O. 3662, 0. 01520 and O. 0001305, respectively; for 
equation 3.6, the standard deviations were 0. 19002, 0.017128 and 
A A A 
0.0001739 for bo, b1 and b2, respectively. 
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Discussion and Conclusions 
Least squares regression analysis of the entire data set for this 
study is inappropriate because the data are autocorrelated, a fact 
confirmed by the very low Durbin-Watson statistic generated by 
regression analysis. The subsampling method used (a modified bootstrap 
method), provided a convenient nonparametric technique for estimating 
regression coefficients while avoiding the problem of autocorrelation. 
This was accomplished by randomly choosing only one (CPHi, CPWi) data 
pair from each plant for each subsample. Each data pair is correlated 
with all other data pairs for an individual plant , but should not be 
correlated with data pairs from other plants. Thus, the Durbin-Watson 
statistic was expected to be much higher for each subsample than for 
the entire sample . 
Not only is it possible to obtain estimates of regression 
coefficients with this technique, but, perhaps more importantly, it is 
also possible to determine the variance of, and confidence intervals 
for, each coefficient . These confidence intervals are calculated using 
a more realistic estimate of error (Freedman and Peters 1984) than 
would be generated by the usual least squares techniques. 
The second-order polynomial model fits these data extremely well 
as evidenced by the high R2 values (Table 3.1) produced by regression 
analysis of each subsample. Analysis of a similar data set for crested 
wheatgrass collected in 1985 (Lynn Mcconville, unpublished data) 
resulted in a slightly different second-order polynomial equation: 
Y = -3.078 + 2.072X - 0.01046X2 (3.7] 
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with very high R2 values (average of 0.971) and with coefficients of 
similar magnitude but outside the 95% confidence intervals of the 
coefficients of equation 3.6. Differences between the data sets which 
might account for differences in the final regression equations include 
year-to-year variation, differences in sampling techniques, and 
differences in segmentation of the plants (1985 plants were cut into 
segments 1 cm ·in length, which increases the number of cuts made and 
also the potential error). The similarity of equations 3. 6 and 3. 7 
indicates, however, that the relationship between cumulative percent 
height and cumulative percent weight is probably reasonably stable, and 
that use of an equation may not need to be confined to the year for 
which data were collected. Further study is needed however. 
The relatively recent availability of high speed computers has 
made use of techniques such as the bootstrap feasible. One now has a 
greater number of options available for statistical analysis and one 
need not be confined to the "usual" statistical procedures (Romesburg 
1985). Use of randomization procedures, as illustrated in this study, 
may well result in reliable analyses of data which in the past proved 
difficult. 
CHAPTER IV 
THE EFFECTS OF PLANT SIZE , PHENOLOGY AND 
PRESENCE OF STANDING DEAD CULMS 
ON UTILIZATION OF CRESTED 
WHEATGRASS PLANTS 
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Introduction 
Grazing animals select from among the forages available. They 
select leaves over stems (Chacon and Stobbs 1976, Arnold 1981, Poppi et 
al. 1981, Minson 1982, Barthram and Grant 1984, Hodgson 1985), even to 
the point of very low feed intake (Chacon and Stobbs 1976 , Hendricksen 
and Minson 1980) . On mixed species vegetation, grazing animals select 
diets disproportionately with regard to species composition, and change 
the proportion of each species in the diet as the vegetation matures 
(Van Dyne and Heady 1965, Stobbs 1977, Willms et al. 1980). 
The characteristics of plants thought to influence grazing have 
been discussed by Heady (1964), Stoddart et al. (1975), and many 
others. Included are odor (Minson 1982), shear strength of the 
vegetation (Hendricksen and Minson 1980), the presence of secondary 
plant compounds (Rhoades 1979, Provenza and Malechek 1984, Bryant et 
al. 1985 , Coley et al. 1985), excreta which has fouled the vegetation 
(Chacon and Sto .bbs 1976) and physical barriers (Bailey 1970, Willms and 
McLean 1978, Willms et al. 1980). 
The phenomenon of selective grazing should be most evident on 
pastures comprised of a multitude of species, because of the great 
variety of characteristics of the forage on offer. It should be less 
evident on monocultures where there are no species choices to be made 
and where phenological progression is relatively uniform. It is likely 
that grazing animals will consume plant parts differentially (e.g. 
leaves over stems) on a monoculture, but one would expect individual 
plants to be selected at random and overall utilization to be uniform. 
Norton and Johnson (1981), however, found that cattle grazing crested 
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wheatgrass (Agropyron desertorum (Fisch. ex Link)Schult.) pastures in 
the spring utilize them neither randomly nor uniformly. Some plants 
are grazed severely year after year; others are either ungrazed or are 
grazed only minimally. Thus it appears that cattle have some criteria 
for selecting between crested wheatgrass plants within a monoculture. 
Standing dead culms tend to accumulate in crested wheatgrass 
plants that receive little or no grazing for several years, a condition 
thought to result ir. the formation of "wolfplants" (Norton et al . 
1982). Standing dead material discourages grazing by deer (Willms and 
McLean 1978), and cattle and deer prefer to graze bluebunch wheatgrass 
pastures that have been burned, presumably because burning removes 
standing litter (Willms et al. 1980). While the effect is apparent, 
the degree to which the presence of standing dead culms inhibits 
grazing, especially with respect to individual plants, has not yet been 
demonstrated. 
Plant size (basal area) has been correlated with severity of 
grazing on crested wheatgrass plants (Norton and Johnson 1981). Cattle 
tend to graze small to medium size plants more heavily than large 
plants. It is not known, however, whether this is solely a function of 
plant size or is also affected by standing dead culms, because a small 
plant will generally have substantially less standing dead culm 
accumulation than will a large plant. 
The objective of this study was to determine, quantitatively, the 
effects of, and interactions between, phenology, plant size (basal 
area) and accumulation of standing dead culms on utilization of 
indtvidual crested wheatgrass plants by cattle. 
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Study Area 
This stud y was conducted in 1982 in the Tintic Valle y, 
appro x imatel y 8 km southwest of Eureka , Utah on a research area 
maintained cooperatively by Utah State Universit y and the Bureau of 
Land Management (U.S. Department of I nterior) . The area has an 
e levation of approximately 1830 m and precipitat i on averages 320 mm, 
the majority of which falls in winter and spring (Cook 1966) . Twenty-
four improved pastures (28 ha each ) were established on the area from 
1949 to 1956 on land previously dominated by sagebrush (Artemis i a 
tridentata Nutt . ssp . tridentata Beetle) and juniper (Juniperus 
osteosperma [Torr . ] Little). 
were chosen for this study. 
Three of these pastures (2, 18 and 22) 
Pasture 18 is a nearly pure stand of 
c rested wheatgrass with a minor component of western wheatgrass 
(Agropyron smithii Rydb.) and some reinvasion by sagebrush . Pastures 2 
and 22 are codominated by crested wheatgrass and tall wheatgrass 
(Agropyron elongatum (Host)Beauv . ) with, again, a minor component of 
western wheatgrass and virtually no reinvasion by sagebrush. 
Each pasture (approximately 28 ha) was divided into four paddocks 
(approximately 7 ha). 
this study. 
Three paddocks from each pasture were used in 
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Methods 
Experimental design was a split plot within a randomized block 
with three replications. Whole plot factors were phenological stage at 
time of grazing (3 levels : 3-leaf, 4-leaf and boot) and plant size (3 
levels determined by basal area , small : basal area < 80 cm2, medium : 
80 cm2 < basal a rea < 180 cm2 , and large: basa l area~ 180 cm2), and 
the subplot factor was presence of standing dead culms (2 le v els : 
present and absent). Pastures were blocked and the three phenological 
stage s at the time of grazing were randoml y assigned to th e paddo cks 
wit hin ~ach p~sture. 
Using random pasture coordinates, ten pairs of plants from each 
size class were located in each paddock prior to grazing. To be 
selected as a member of a pair at a set of coordinates, a plant had to 
have substantial canopy cover of standing dead culms, indicating little 
or no grazing the previous year. Distance separating the members of a 
pair did not exceed 2 m and was usually less than 0 . 5 m. One member of 
each pair was randomly chosen to have the standing dead culms removed 
by hand; the other was untouched. Height of current year's growth was 
recorded for each plant prior to grazing. 
The number of yearling heifers grazing each paddock was calculated 
to result in approximately 70% utilization in 8 days using: 
N A B C D E 
where N number of animals 
A forage available (kg/ha) 
B paddock size (ha) 
C use factor (0.7) 
D number of days to graze (8) 
E ' daily forage consumption (6.3 kg/ha 
for yearling heifers which is mid-
range for values from Handl and 
Rittenhouse (1972)). 
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[ 4. l] 
After the animals were removed from a paddock , use was recorded 
for each plant. Estimates were made of percent plant cover grazed and 
height of stubble remaining . For plants grazed to more than one 
stubble height , the percent of plant cover grazed to each stubble 
height was recorded. 
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Analyses 
For each plant, percent cover grazed, average stubble height and 
percent biomass grazed were calculated. Percent cover grazed is the 
sum of percent cover estimates made for each grazed section of a plant. 
Average stubble height is the weighted average (weighting based on 
percent plant cover grazed) of stubble heights for all grazed sections 
of a plant. Percent biomass grazed was calculated using the 
cumu lati ve% height / cumulative% weight equation derived previously for 
crested wheatgrass (chapter 3, equation 3.6): 
Y = -0 . 30913 + l.85359X - 0.00862216X2 (4. 2] 
where y 
x 
percent biomass remaining (in stubble) 
(stubble height)/(pregrazing height)xlOO . 
For a plant section grazed to a single stubble height, the percent 
biomass grazed (R) is: 
R = 100 - Y (4.3] 
The percentage that R represents of the biomass of the entire plant is 
calculated: 
G = A x R 
where G 
A 
percent of plant biomass grazed 
percent of plant's area occupied by 
that plant section. 
[4.4] 
This can be expanded to allow calculations for multiple plant sections 
having different stubble heights: 
G [4.5] 
The data for percent cover grazed, average stubble height and 
percent biomass grazed were normally distributed with equal variances. 
Analysis of variance was performed on these data, which are slightly 
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unbalanced due to our inability to relocate all plant pairs, using the 
statistical program 'RUMMAGE' (Bryce 1980). Differences between means 
were evaluated using Fisher's Least Significant Difference test (LSD) 
using a =0.05. 
P<0.05 . 
Thus , unless noted otherwise, significance implies 
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Results 
Estimates of utilization for each paddock grazed at each 
phenological stage are in Table 4 .1. All paddocks were grazed to 
approximately 45-55% utilization except in pasture 18 where utilization 
wa s estimated to be 80% during the 4-leaf phenological stage and 85% 
during boot. 
The effect of standing dead culms was highly significant (PS0.005) 
for all three response variables ( Figure 4.1). Plants without standi ng 
dead culms in their canopies had a greater percent of thei r cover 
grazed, greater percent biomass grazed, and shorter stubble height 
remaining than plants with heavy accumulations of standing dead culms . 
The height of current year's growth increased with respect to 
height of standing dead culms, for all size classes , as the plants 
progress phenologicall y (Table 4. 2) . When plants were in the 3- leaf 
stage, the average height of current season's growth was 18. 0 cm which 
was 53% of the height of standing dead culms (34.5 cm). By the boot 
stage, average height of current season's growth had increased to 28.9 
cm, which was 71% of the average height of standing dead culms for 
these plants ( 40 . 8 cm) . The apparent increase in height of standing 
dead was not indicative of growth but of the plants included in the 
sample. 
Phenological development (Figure 4.2) affected both percent cover 
(PS0.005) and percent biomass grazed (PS0.0001) . Plants in the 3-leaf 
stage had the smallest percent cover and percent biomass grazed, while 
plants in the boot stage had the greatest percent cover and percent 
biomass grazed . 
Table 4.1 Ocular utilization estimates for each pasture grazed at 
the indicated phenolo~ical stage. 
Phenological Stage Pasture Estimate of Utilization (%) 
2 55 
3-leaf 18 55 
22 45 
2 55 
4-leaf 18 80 
22 so 
2 55 
boot 18 85 
22 55 
Table 4.2 Average height of current year's growth and standing dead 
culms by size class and phenological stage. 
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Phenological Size Height of current Height of standing 
Class 1 Stage year's growth (cm) dead culms (cm) 
s 14 .3 23.5 
3-leaf M 17 .7 34 . 3 
L 22.0 45.8 
Average 18.0 34 . 5 
s 18 . 1 33.7 
4-leaf M 23 . 0 40.7 
L 28.4 49.4 
Average 23.2 41. 3 
s 22.0 32.4 
boot M 28.9 40.1 
L 35.9 49.8 
Average 28.9 40.8 
lsize classes are based on plant basal area where S = small (basal 
area< 80 cm2), M = medium (80 cm2 < basal area< 180 cm2) and L = 
large (basal area~ 180 cm2). 
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Plant size was a highly significant factor for stubble height 
(PS0.005) (Figure 4.3). Average stubble height of large grazed plants 
(11.1 cm) was greater than that of small (7.4 cm) and medium (8.5 cm) 
grazed plants. There was no significant difference (P~0.05) between 
small and medium plant stubble heights. Plant size was much less 
important than the presence of standing dead culms or phenological 
development in its effect on grazing of individual crested wheatgrass 
plants as indicated by higher significance levels for percent cover and 
percent biomass grazed (P~0.07 and 0.10, respectively). 
Two significant (P~O. 005) interactions were evident for percent 
cover grazed: size x standing dead culms and phenology x standing dead 
culms. All other interactions for this response were non-significant. 
The interaction effect of size x standing dead culms is shown in Figure 
4 . 4 . There were no significant differences due to plant size among 
plants without standing dead culms (Figure 4.4). For plants with 
standing dead culms, large plants had significantly less percent cover 
grazed than small and medium plants. There was no significant 
difference between small and medium plants with standing dead culms for 
this response variable. For each size class there was a significant 
difference in percent cover grazed between plants with and those 
without standing dead culms. The interaction effect of phenology x 
standing dead culms for percent cover grazed is shown in Figure 4.5. 
In this case there was a significant (P~O. 05) effect of phenological 
development for plants both with and without standing dead culms 
(Figure 4.5). Percent cover grazed increased as plants with standing 
dead culms developed phenologically . For plants without standing dead 
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culms, there is a significant difference in percent cover grazed from 
the 3- leaf to the 4- leaf stage, but no difference be tween the 4- leaf 
and boot stages. Plants with standing dead culms had significantly 
less percent cover grazed than plants without standing dead culms for 
each of the three phenological stages. 
Only one interaction, plant size x standing dead culms, was 
significant ( P:SO. 01) for percent biomass grazed (Figure 4 . 6) . For 
plants with standing dead culms removed, meciium plants were grazed more 
heavily than small plants; large plants were intermediate. For plants 
with standing dead culms remaining, however, there was no difference 
between small and medium sized plants, but both groups were grazed more 
heavily than were large plants. Plants of all size classes, without 
standing dead culms, were grazed significantly more heavily than those 
with standing dead culms. 
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Discussion 
This study has shown quite clearly that plants with substantial 
accumulations of standing dead culms in their canopies are grazed less 
severely than plants without standing dead culms. The barrier effect 
of the standing dead material (Willms and McLean 1978) reduces the 
accessibility of the current season's growth , especially leafy 
material , which is an important factor affecting bite size and, 
ultimately, intake (Stobbs and Hutton 1974, Hodgson 1981 , 1985 ). 
Plants having no standing dead culms in their canopies wou l d 
necessarily provide a greater potential intake rate to the grazing 
a nimal than plants with standing dead culms, and would be preferred 
(Kenney and Black 1984) . As a plant accumulates several years of 
standing dead culms in its canopy, grazing severity on that plant 
continues to be much less than it would be on a similar plant with no 
dead culms. This, then, becomes self-perpetuating, and can result in a 
situation where a pasture, as a whole, is considered correctly 
utilized, but plants with old culms are under-utilized and those 
without old culms are over-utilized . This has the potential of leading 
to overall range deterioration. The solution, then, is either to 
eliminate the old culms or to reduce grazing pressure so that plants 
without heavy old culm accumulations are properly utilized. 
There was a sharp increase in both percent cover grazed (45.9 to 
83.9) and percent biomass grazed (15.8 to 41.4) as plants developed 
phenologically (Figure 4.2) . Pasture 18 was utilized much more heavily 
than pastures 2 and 22, and much more heavily than intended when plants 
were in the 4-leaf and boot stages (Table 4.1). This may have resulted 
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in increased use of individual plants in pasture 18 and may provide a 
partial explanation for these results. It is very unlikely, however, 
that high utilization of one pasture out of three fully explains these 
very substantial increases in utilization as plants develop 
phenologically. An increase in plant height is one of the more obvious 
physical changes that occurs as plants progress from the 3-leaf to the 
boot stage (Table 4-. 2). This i nc:rease in height of current year's 
growth, which is the desirable forage, with respect to the height of 
previous years' standing dead culms, the undesirable forage, appears to 
result in a reduction in the importance of standing dead culms as a 
deterrent to grazing. The grazing animal has a higher probability of 
consuming the preferred green leafy forage in any bite when the current 
season's growth is tall and intermingled with previous years' standing 
dead culms than if the current season's growth is restricted to the 
base of the standing dead culms. The more available herbage should 
result in a higher potential intake rate and thus a higher preference 
for these plants by the grazing animal (Kenney and Black 1984). This 
is further supported by data presented in Figure 4.5, where a moderate 
increase in percent cover grazed (76.9 to 96.8) was observed for plants 
without standing dead culms as they developed phenologically, compared 
to the substantial increase in percent cover grazed (14.4 to 71.1) over 
the same period for plants with standing dead culms. Al though the 
magnitude of the deterrence of standing dead culms declines as current 
season's growth gets taller, it is still an important factor, at least 
through the boot stage where an average of 96. 8% of the area of 
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individual plants without standing dead culms was grazed, compared to 
only 71.1% for plants with standing dead culms. 
Plant size had a minor effect on utilization. There was no 
difference between plants of the three size classes in terms of percent 
cover or percent biomass grazed; there were differences in stubble 
height, however . Plants in the small and medium size classes were 
grazed to a shorter stubble than were plants in the large size class. 
Thi.s is probably related to the fact that carrent ye ar's growth is 
generally taller on large plants than on small and medium plants (Table 
4 . 2). When presence or absence of standing dead culms is considered, 
more differences · between size classes emerge . When standing dead culms 
are absent, percent cover (Figure 4.4) and percent biomass (Figure 4.6) 
grazed remain basicall y unchanged from small to large plants. When 
stand ing dead culms are present , however, there is a substantial 
decline, from small plants to large ones, in both percent cover (Figure 
4.4) and percent biomass (Figure 4.6) grazed. It is apparent that, 
when standing dead culms are absent, plant size is not a factor 
determining utilization. When standing dead culms are present , 
however, large plant's are much less severely utilized than small 
plants. Even if the number of standing dead culms per unit area is the 
same for small and large plants, the absolute amount of standing dead 
material on a small plant will obviously be less than on a large plant. 
It is thus likely that the deterrence effect of standing dead culms on 
small plants would be less than on large plants. 
I chose plants having heavy accumulations of standing dead culms 
for this study, ignoring plants where standing dead material was 
61 
already absent. As plant size increases, accumulations of standing 
dead culms are more likely to occur. Thus, utilization of small plants 
in the pasture is more likely to be represented by the data from this 
stud y for small plants without standing dead culms. The presence of 
standing dead culms is probably more important for medium and large 
plants as a factor affecting the degree of utilization. 
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Conclusions 
The results of this study indicate that, of the three factors 
studied, presence or absence of standing dead culms in the canopy of a 
crested wheatgrass plant is the most important in determining the 
severity of utilization of that plant. Plants with standing dead culms 
absent will be utilized more heavily, on average, than plants with 
standing dead culms present, regardless of phenological stage or plant 
size. 
As plants develop phenologically from 3-leaf to boot stage , 
utilization , expressed as both percent cover and percent biomass 
grazed, increases . This is likely due to the increase in height of the 
current season's growth with respect to the height of the standing dead 
culms, reducing the effectiveness of the dead culms as a barrier to 
grazing. 
Plant size plays a minor role in affecting grazing severity, but 
becomes much more important in interaction with standing dead culms. 
This is largely due to the fact that the absolute quantity of standing 
dead culm material is much less for smaller plants than for large ones, 
and is thus a less effective barrier on small plants. 
Management strategies for crested wheatgrass pastures should take 
into consideration accumulations of standing dead culms. Pastures 
having many plants with heavy accumulations of standing dead culms will 
not be utilized randomly or uniformly. Animals will utilize most 
severely those plants without standing dead culms in their canopies. 
This phenomenon, however, becomes less noticeable as plants mature 
phenologically, at least through the boot stage. Management strategies 
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promoting pasture rest during reproductive stages may result in an 
increase in standing dead culm accumulations and further reduce the 
availability of many of the plants in the pasture to the grazing 
animal. This problem is, however, further complicated by the fact that 
grazing during the early reproductive stage results in the removal of 
apical meristems and a cessation of growth (Hyder 1972, Caldwell 1984). 
It may be preferable to occasionally graze crested wheatgrass during 
the late reproductive stages or dormancy. This would result: in a 
reduction in reproductive culms remaining without affecting current 
year's production. 
CHAPTER V 
PATTERNS OF DEFOLIATION OF CRESTED WHEATGRASS 
PLANTS BY CATTLE UNDER SEVEN 
GRAZING TREATMENTS 
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Introduction 
Many grazing systems have been offered as alternatives to 
continuous or season-long grazing in an attempt to increase livestock 
production or improve range condition or both. Grazing systems may 
reduce selective grazing, reduce grazing of regrowth, and improve 
uniformity of grazing (al l plants grazed moderately as opposed to a few 
grazed severely) . Many, such as short duration grazing, are 
characterized by high stocking densities with increased grazing 
pressure, and short sta y s in pastures. Heavy grazing pressure results 
in more uniform pasture use than light grazing pressure (Briske and 
Stuth 1982), and short stays in pastures are thought to prevent 
overutilization of individual plants or grazing areas (Savory 1978). 
The study of .selective grazing and uniformity of grazing requires 
intensive sampling of individual plants or tillers. Few studies of 
this type have been reported in the literature, likel y due to their 
labor-intensive methods . The frequency and severity of defoliation by 
sheep has been studied by Hodgson (1966), Greenwood and Arnold (1968) , 
Hodgson and Ollerenshaw (1969), Morris (1969), and Hodgkinson (1980). 
Defoliation patterns by cattle during continuous and rotational grazing 
have been studied by Gammon and Roberts (1978a, 1978b, 1978c, 1980). 
All of these studies, except those by Greenwood and Arnold (1968) and 
Hodgkinson (1980), describe grazing of individual tillers rather than 
plants. 
The objective of this study was to examine patterns of defoliation 
by cattle on crested wheatgrass plants (Agropyron desertorum(Fisch. ex 
Link)Schult.). I estimated the proportion of plants that were grazed 
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and the severity of that grazing under three grazing systems: 
continuous season-long, high intensity and short duration grazing. 
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Study Area 
This study was conducted in the Tintic Valley, approximately 8 km 
southwest of Eureka, Utah on a research area maintained cooperatively 
by Utah State University and the Bureau of Land Management (U.S. 
Department of Interior). The area has an elevation of approximatel y 
1830 m and precipitation averages 320 mm, the majority of which falls 
in winter and spring (Cook 1966). Twenty-four improved pastures (28 ha 
each) were established on the area from 1949 to 1956 on land previousl y 
dominated by sagebrush (Artemisia tridentata Nutt . ssp. tridentata 
Beetle) and juniper (Junipetus osteosperma [Torr. J Little). Four of 
these pastures (2, 8, 19 and 22) were chosen for this study based on 
the suitability of the vegetation in each for these studies. Pastures 
8 and 19 are nearly pure stands of crested wheatgrass with a minor 
component of western wheatgrass (Agropyron smithii Rydb .) and some 
reinvasion by sagebrush . Pastures 2 and 22 are codominated by crested 
wheatgrass and tall wheatgrass (Agropyron elongatum (Podp.)) with, 
again, a minor component of western wheatgrass and virtually no 
reinvasion by sagebrush. 
68 
Methods 
Grazing patterns for three grazing systems were examined in this 
study. The grazing systems were : 1) continuous season long grazing 
(CSLG), 2) high-intensity grazing (HI) and 3) short duration grazing 
(SDG). Methods of implementation of each, as well as data collection 
methods for each are explained separately below. 
Contin uous Season Long Grazing (CSLG) 
In 19 79, two pastures (8 and 19) were each grazed for 32 da y s ( 1 
June to 2 Jul y) by 30 black angus re placement heifers and one bul l. 
This resulted in a stocking density of 1. 4 hectares per AU and a 
stocking rate of 1 . 4 hectares per AUM. Ocular estimates of pasture 
utilization, based on a comparison of pre- and post-grazing herbage 
volume, were approximately 55% for both pastures . 
Sampling design was a stratified random sample in which the 
pasture (300 x 800 m) was divided into 3 parts according to distance 
from t he watering point . The strata were O - 270 m, 270 - 540 m, or 
540 - 800 m from water. Seven 4 m x 5 m sampling grids were randomly 
located within each of these strata and seven 0.5 m2 (0.7 m x 0 . 7 m) 
plots were randomly located within each grid. Thus each stratum had 49 
plots and each pasture had 147 plots . 
A map of each plot was made in which the outline of the base of 
every crested wheatgrass plant in the plot was drawn to scale. Just 
prior to grazing, the height of current year's growth of each plant was 
measured and marked on the maps. Every plot was visited every other 
da y, once grazing had begun, and utilization was recorded as follows . 
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An outline of the grazed area of each plant was drawn on the map with a 
colored pencil and the stubble height of the grazed area was recorded 
within the outline. Grazings to more than one stubble height on a 
single plant were accommodated by drawing the outline of each area 
differentiated by a distinct stubble height, and recording the stubble 
heights separately. Plant heights, both grazed and ungrazed, were 
remeasured on 11 June to account for plant growth during the study . 
High Intensity Grazing (HI) 
In 1983 a grazing experiment was implemented in which pastures 
were grazed with the number of heifers and steers calculated to attain 
60% utilization in eight days. This was done at two periods, 
corresponding to the boot (18 May to 25 May) and head emergence (31 May 
to 7 June) phenological stages of crested wheatgrass (grazing 
treatments referred to as HI-boot and HI-emergent, respectively) . Two 
paddocks (approximately 7 ha each) in both of pastures 2 and 22 were 
utilized for this study. One paddock from each pasture was grazed for 
eight days when plants were in the boot stage, and another when plants 
were at head emergence. The number of animals assigned to each paddock 
was calculated by: 
N 
where 
A B C 
D E 
N 
A 
B 
c 
D 
E 
number of animals 
forage available (kg/ha) 
paddock size (7 ha) 
use factor (0.6) 
number of days to graze (8) 
[ 5. l] 
daily forage consumption (6.3 kg/ha 
which is midrange for values from Handl 
and Rittenhouse (1972)) . 
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Number of animals, stocking rate and stocking density for each paddock 
are in Table 5.1 . Ocular estimates of pasture utilization based on a 
comparison pre- and post-grazing herbage volume ranged from 60 to 65% 
for all paddocks. 
Table 5.1 Number of cattle, stocking rate and stocking density for 
paddocks grazed under HI-boot and HI-emergent treatments. 
Grazing . 
Treatment Pasture 
HI-boot 2 
22 
HI-emergent 1 
22 
# Cattlel 
41 
36 
Stocking 
Rate (AUM/ha) 
0. 77 
0.67 
1. 09 
0.96 
Stocking 
Density (AU/ha) 
2.9 
2.5 
4 . 1 
3.6 
lindividual animals are assumed to be equivalent to 0.7 Animal Unit. 
2Estimated - data for this paddock is missing. 
Utilization data for individual plants were collected on four 2.5 
m2 (5 m x 0.5 m) plots randomly located in each paddock, and on a set 
of four 2 m line transects located near each plot. Plot numbers were 
reduced and plot size increased in HI compared to CSLG in order to 
reduce the time searching for individual plots, and yet retain a 
reasonable plot area to pasture area ratio. The four transects near 
each plot radiated from a central stake which was located approximately 
5 m east of the eastern-most end of a plot. The direction of the first 
transect was randomly determined; the other three radiated from the 
central stake at 90° increments from the direction of the first. 
A map of each plot was made in which the outline of the base of 
every crested wheatgrass plant in the plot was drawn to scale . A scale 
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map of each transect was made by drawing the outline of the base of 
each crested wheatgrass plant intersecting the line transect. Just 
prior to grazing the height of current year's growth of each plant was 
measured and recorded on the maps . The plots and transects were 
visited every other day, once grazing had begun, and utilization of 
plants on each plot was recorded as follows . Sheets of acetate were 
laid over each map (one sheet per sampling date) and an outline of the 
grazed area(s) of each plant was drawn with a permanent fine-tip 
marking pen . Stubble heights were measured and recorded within each 
outline. 
Short Duration Grazing (SDG) 
A wagon wheel-design, 10-paddock, short-duration grazing cell was 
constructed in the combined area of pastures 7, 8 and 9 (Figure 5 . 1 ) i n 
9 8 7 
-C::::::::::C N 
10 
Figure 5.1 Diagram of short duration grazing (SDG) cell. Dotted lines 
indicate approximate locations of fences which divided 
pastures 7, 8 and 9 but which were removed to build the SDG 
cell. 
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1983 . Total area of the cell is 84 ha, and area per paddock is 
approximately 8.4 ha. The cell was stocked with 89 black angus 
replacement heifers and 3 bulls in 1983, and 90 heifers and 4 bulls in 
1984 . Based on calculations of Olson (1986), this results in a 
s tocking rate of approximately 1.46 ADM/ha and a stocking densit y whil e 
grazing of appro x imately 7. 69 AU/ ha. Animals were kept on ea ch padd ock 
£:or thr e e da y s and move d in a clockwise rotation th:::-oagh the padd oc ks 
for two cy cles. The heife r s en t e r ed the c e ll on 6 May 1983 in paddock 
1 and 6 May 1984 in paddock 10 . Utilization estimates based on 
clipping samples ranged fro1!1 40 to 70% utili z ation a fter two cy cles 
(Gerald Rouse , unpublished data) , but ocular estimates were 55- 60% 
utilization . 
Sampling in both years was confined to paddocks 1 and 2, which 
were grazed at the beginning of both cycles and are thus termed SDG-
earl y, and paddocks 6 and 7 , which were grazed mid-way through both 
c y cles and thus are termed SDG-mid. In 1983 five 4 m2 (2 m x 2 m) 
plots were randomly located in each of the four sampled paddocks within 
the area formerly occupied by pasture 8 (see Figure 5 . 1). These plots 
were reduced to 2 m2 (1 m x 2 m) in 1984 and an additional five 2 m2 
plots were randomly located (within the area formerly occupied by 
pasture 8) in each of these paddocks. 
A scale map of each plot was made by drawing the outline of the 
base of every crested wheatgrass plant in the plot. The mapping 
process was facilitated by the use of a photostand (Owens et al. 1985) 
which allowed each plot to be photographed 7 m above the ground . 
Photos were back-projected and plant basal outlines traced on paper. 
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These maps were ground-truthed to produce the final maps. Just prior 
to grazing the height of current year's growth of each plant was 
measured and marked on the maps. The plots were relocated after the 3-
day grazing period, and utilization of plants on each plot was recorded 
as for the plots in the HI grazing system . 
74 
Analyses 
Analyses of these data are divided into two groups: 1) analyses 
concerning the proportion of plants grazed and 2) ana l yses of 
utilization estimates. The plants sampled for each grazing treatment 
were divided into three size classes based on plant basal area: small 
(basal area < 80 cm2 ) , medium ( 80 cm2 :S basal area < 180 cm2 ) , and 
large (basal area> 180 cm2 ). The proportion of plants grazed for each 
s i z e class was analyzed for each grazing treatment using contingenc y 
tables. Conting e nc y tables were also used to anal y ze data from CSLG to 
d e termine the effect of distance from watering ( 0-270 m, 27 0-540 m, and 
540-800 m) on the proportion of plants gra z ed. 
Two measures of utilization were used in this study: 1) percent 
co v er grazed and 2 ) percent biomass grazed. Percent cover grazed is 
simpl y the percentage of the area of a plant that was grazed at an y 
t ime during the grazing treatment. Percent biomass grazed, as defined 
here, is the percent of the total biomass available during the grazing 
treatment that was removed by the grazing animal. A more specific 
definition is: 
percent biomass grazed 
where Gi 
[5 . 2 ] 
biomass removed at the ith 
grazing an d 
total biomass just prior to 
the nth ( l ast) grazing . 
Equation 5.2 accommodates both growth and regrowth during the grazing 
treatment. Additional equations were necessary to calculate the terms 
of equation 5. 2. First, an allometric equation re l ating plant volume 
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to biomass developed for each year (see Table 2.3) was used to estimate 
plant biomass prior to each grazing (Mi) for each plant . For data from 
1979, the equation developed for 1983 was used. This is inappropriate 
in cases where actual biomass estimates are an end result because these 
equations appear to be specific to the year in which the data were 
collected (Chapter II). In this case, however, the end results are 
percentages, which are not dependent on the actual magnitude of the 
biomass estimates, but on their relative magnitudes. The use of these 
allometric equations requires the assumption that these equations, 
which were developed for ungrazed grasses, will apply to regrowth. 
This appears to ,be a reasonable assumption, as vertical structure is 
similar for ungrazed and regrown crested wheatgrass tillers (James 
Richards, personal communication). An equation describing the 
relationship between cumulative percent height and cumulative percent 
weig ht (equation 3. 6) was used to estimate biomass remaining in the 
stubble. Biomass grazed for each grazing event (Gi) is obtained by 
subtraction. 
The utilization data were normally distributed with approximately 
homogeneous variances ; and were analyzed in two ways. In the first, 
one-way analysis of variance was performed on the data for each grazing 
treatment. The single factor in these analyses is plant size class. 
Interpretation of these analyses is limited because the SDG grazing 
treatments are pseudoreplicated (Hurlbert 1984) due to the fact that 
"replicate" pastures were grazed consecutively rather than 
concurrently . 
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Two-way analysis of variance was also performed on the utilization 
data, with both grazing treatment and plant size class as factors . 
Consideration must be given to the fact that this analysis is somewhat 
flawed with respect to grazing treatment (plant size class, as a 
factor, should be less affected) due to 1) pseudoreplication (Hurlbert 
1984) in SDG treatments and 2) unknown confoundment of grazing 
treatment with actual utilization , year of grazing and pastures. 
Ocular estimates of utilization for all pastures . studied ranged from 
45 - 60%. The range of actual utilization is unknown, however, and the 
effects of different utilization rates on the parameters being studied 
are · also unknown. The grazing treatments were implemented in three 
different years, and the effects of year-to-year variation of weather 
and other factors are unknown. The problem of pastures results from 
the fact that some pastures were used in more than one grazing 
treatment (the SDG paddocks and pasture 8) and others were used only 
once . It would be inappropriate, however, to dismiss the results of 
this study as valueless, but it is important to recognize that any 
inferences from this study outside the Tintic study area are limited . 
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Results and Discussion 
Contingency table analysis of the proportion of plants grazed 
according to distance from water (Table 5.2) indicates that there is no 
Table 5.2 Proportions of plants grazed according to distance of 
plants from watering point in CSLG in 1979. 
Number of Plants in Sample Proportion of Plants 
Pasture 0-270m 270-540m 540-800m 0-270m 270-540m 
8 848 849 856 0.7441 a 0.7550 a 
19 711 564 727 0.6456 a 0.5230 b 
Combined 1559 1413 1583 0.6992 a 0.6624 b 
lProportions within rows followed by different letters are 
significantly different (PS0.05). 
Grazedl 
540-800m 
0 .7 827 a 
0.6011 a 
0.6993 a 
significant difference (PSO. 05) between areas closest to and those 
furthest from water. Certainly these pastures are not large; the 
greatest length is 800 m or approximately O. 5 mi. One might expect 
differences to occur with larger pastures, but for pastures of this 
size there is apparently no grazing distribution problem relating to 
distance from water. There was a significantly (PS0.05) smaller 
proportion of plants grazed in the middle section of pasture 19 than in 
the areas closest to and furthest from water (Table 5.2). That 
particular region of the pasture has several exclosures which may make 
access somewhat difficult and thus affect distribution of cattle in the 
area. There is no similar concentration of exclosures anywhere in 
pasture 8. 
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A significantly (PS0.05) smaller proportion of plants in the small 
size class was grazed than in either the medium or large size classes 
for all grazing treatments (Table 5. 3) , and in all cases but one (HI-
boot, Rep 1) there was no significant difference (PS0.05) between the 
proportions of medium and large size class plants grazed . It is not 
likely that this indicates avoidance of small plants. Rather, many of 
the plants provided too little biomass for grazing cattle to expend the 
effort to graze them. This is consistent with results of Kenney and 
Black (1984) which indicate that sheep prefer feeds which provide the 
highest potential consumption rates. Once a plant grows to a basal 
area of 80 cm2 or greater, however, it is very likely to be grazed 
under any of the grazing systems studied here (Table 5.3) . 
Analysis of percent cover grazed data by size class for each 
grazing treatment revealed significant differences (P=0.0022) only for 
CSLG (Table 5 .4), where large plants had significantly less (PS0.05) 
cov er grazed than medium and small plants, and medium plants had 
significantly less (PSO. 05) cover grazed than did small plants. For 
all other treatments, medium and large plants had as great a percentage 
of their cover grazed as small plants. Analysis of percent biomass 
grazed data produced similar results (Table 5. 5), that is, only for 
CSLG were there significant differences (P=0.0334) between size 
classes. A significantly (PSO. 05) lower percentage of biomass was 
grazed from large plants than small, but percent biomass grazed from 
medium plants was not different from that removed from either small or 
large plants. 
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Table 5.3 Proportions of plants grazed according to plant size classl 
for seven grazing treatments. 
Number of Plants in Sample 
Grazing 
Treatment Repl Small Medium Large 
1979 1 
CSLG 2 
Combined 
1983 1 
HI-boot 2 
·combined 
1983 1 
HI-emergent 2 
Combined 
1983 1 
SDG-early 2 
Combined 
2291 
1709 
4000 
407 
260 
667 
298 
273 
571 
221 
123 
344 
1983 1 207 
SDG-mid 2 224 
Combined 431 
1984 1 
SDG-early 2 
Combined 
1984 1 
SDG-mid 2 
Combined 
459 
320 
779 
361 
346 
707 
165 
181 
346 
30 
18 
48 
32 
38 
70 
18 
32 
50 
18 
23 
41 
42 
83 
125 
49 
49 
98 
97 
112 
209 
20 
24 
44 
39 
33 
72 
33 
43 
76 
23 
34 
57 
67 
71 
138 
64 
77 
141 
Proportion of Plants Grazed1 
Small 
0.7420 a 
0 .5 682 a 
0.6678 a 
0.6880 a 
0 .573 1 a 
0.6432 a 
0.7517 a 
0.7363 a 
0.7443 a 
0.5611 a 
0.6585 a 
0 .595 9 a 
0 .52 17 a 
0.5804 a 
0 . 5522 a 
0 . 6819 a 
0.8219 a 
0.7394 a 
0.7932 a 
0.7081 a 
0.7185 a 
Medium 
0.9394 b 
0. 7735 b 
0.8526 b 
1. 0000 b 
0.8889 b 
0.9583 b 
0.9688 b 
0.9737 b 
0. 9714 b 
1. 0000 b 
0.9375 b 
0. 9600 b 
1. 0000 b 
1. 0000 b 
1. 0000 b 
1. 0000 b 
0.9880 b 
0 . 9920 b 
1. 0000 b 
1. 0000 b 
1. 0000 b 
Large 
0.8969 b 
0 . 7143 b 
0.7990 b 
0.8500 a 
0.8333 b 
0.8409 b 
0.9744 b 
1. 0000 b 
0.9861 b 
0.9697 b 
1. 0000 b 
0.9868 b 
1. 0000 b 
0.9706 b 
0.9825 b 
1. 0000 b 
1. 0000 b 
1. 0000 b 
1. 0000 b 
1. 0000 b 
1. 0000 b 
lPlant size classes are based on plant basal area (small : basal area 
< 80 cm2, medium: 80 cm2 < basal area< 180 crn2, and large : basal 
area> 180 crn2). 
lthe t;o replicates for 1983 and 1984 SDG-early are paddocks 1 and 
2, and for 1983 and 1984 SDG-mid are paddocks 6 and 7 . All paddocks 
(replicates) for SDG treatments were grazed in both cycles. 
1Proportions within rows followed by different letters are 
significantly different (P~0.05). 
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Table 5.4 Average percent cover grazed for grazed plants of three 
size classesl from seven grazing treatments.f.. 
Grazing Treatment Small Medium Large 
1979 CSLG 90.6 a 80.0 b 68.4 c 
1983 HI-boot 89.9 a 84.1 a 78.7 a 
1983 HI-emergent 89.5 a 81. 2 - a 81. 9 a 
1983 ·SDG-early 94.1 a 91.0 a 89.8 a 
1983 SDG-mid 94.3 a 93.7 a 77 .1 a 
1984 SDG-earl y 92 . 0 a 94.6 a 93.3 a 
1984 SDG-mid 95.5 a 96 .7 a 92.6 a 
lp1ant size classes are based on plant basal area (s mall: basal area 
< 80 cm2 , medium : 80 cm2 < basal area< 180 cm2, and large: basal 
area> 180 cm2) . 
.f.Means-within rows followed by different letters are significantly 
different (PS0.05). 
Table 5.5 Average percent biomass grazed for grazed plants of 
three size classesl from seven grazing treatments.f. . 
Grazing Treatment Small Medium Large 
1979 CSLG 41. 3 a 36 . 5 ab 29.6 b 
1983 HI-boot 36 . 2 a 33.0 a 37.4 a 
1983 HI-emergent 30.1 a 27.8 a 27.3 a 
1983 SDG-early 47.0 a 47.2 a 48.8 a 
1983 SDG-mid 47 . 0 a 51. 9 a 42.2 a 
1984 SDG-early 42.5 a 46.5 a 46.2 a 
1984 SDG-mid 46.0 a 52.6 a 50.5 a 
1Plant size classes are based on plant basal area (small: basal area 
< 80 cm2, medium: 80 cm2 < basal area< 180 cm2, and large: basal 
area> 180 cm2) . 
.f.Means-within rows followed by different letters are significantly 
different (PS0.05). 
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A smaller proportion of small plants were grazed under CSLG than 
medium or large plants, but those small plants that were grazed 
experienced much more severe utilization than medium or large grazed 
plants. Under other grazing treatments, a smaller proportion of small 
plants were grazed than medium or large plants, but utilization of 
medium and large grazed plants was as severe as for small grazed 
plants. 
Analysis of variance of utilization data with both grazing 
treatment and plant size class as factors revealed significant 
differences between grazing treatments (Table 5 . 6) for both percent 
c ov~r grazed (P=0.00) and percent biomass grazed (P=0 . 00). There were 
also significant differences (P=0.00) between size classes (Table 5 . 7) 
for percent cover grazed though not for percent biomass grazed. The 
interaction between grazing treatment and plant size class was 
significant (P=0.0001) for percent cover grazed. 
Interpretation of these results is somewhat difficult, as 
mentioned earlier, due to both pseudoreplication of some grazing 
treatments and potential confounding . These problems result in 
questions concerning the strength or validity of tests, the 
applicability of the results beyond the research site, and the factor 
(or factors) responsible for differences in percent cover or percent 
biomass grazed between grazing treatments. Knowledge of these 
experimental design problems forces greater care in interpretation of 
the analyses. 
Table 5.6 Average percent cover grazed and percent biomass grazed 
for grazed plants in seven grazing treatments. 
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Grazing Treatment Percent Cover Grazedl Percent Biomass Grazedl 
1979 CSLG 79 . 7 a 35 . 8 a 
1983 HI-boot 84 . 2 b 34.6 a 
1983 HI-emergent 84 . 2 b 28 . 4 b 
1983 SDG-early 91 . 6 cd 47 . 7 c 
1983 SDG-mid 88. 4 c 47 . 0 c 
1984 SDG-early 93 . 3 d 45.1 d 
1984 SDG-mid 94.9 d 49 . 7 d 
lMeans in columns followed by different letters are significantly 
different (P::;0.05) . 
Table 5.7 Average percent cover grazed for grazed plants of three 
size classes. 
Size Class 
Small 
Medium 
Large 
Percent Cover Grazedl 
92 . 2 a 
88.8 b 
83 . l c 
lMeans followed by different letters are significantly different 
(P::;0.05). 
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There were differences between the grazing treatments, as they 
were imposed, in utilization (both percent cover and percent biomass) 
of individual crested wheatgrass plants. Utilization of the average 
plant (irrespective of size class) was greatest under the SDG treatment 
for both percent cover grazed and percent biomass grazed . These 
results run counter to Savory and Parson's (1980) contention that, 
under SDG, the severity of grazing on individual plants will not be so 
great as it would be under CSLG. 
For the entire sample of plants (from across seven grazing 
treatments) , the average small plant had a greater percentage of its 
cover grazed than the average · medium plant, which had a greater 
percentage of its cover grazed than the average large plant. These 
results are similar to the results for 1979 CSLG, when analyzed 
separately from the other grazing treatments (Table 5. 4) . When one 
considers the extremely large number of plants in each size class that 
were sampled for 1979 CSLG, compared to the number for the other 
grazing treatments, it becomes clear that the 1979 CSLG sample is 
dominating this analysis. 
Small grazed plants consistently have a larger percentage of their 
cover grazed, no matter which of the grazing treatments is considered 
(Table 5.7, Figure 5.2). This is probably due to the fact that only 
one bite is required to defoliate 90%, for example, of the cover of a 
small plant . 
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The results of other, more preliminary analyses of the 1979 CSLG 
data have been published elsewhere (Norton and Johnson 1981, Norton and 
Johnson 1986, Norton et al. 1982, see also Appendices D, E, and F, 
respectively). These analyses include the distribution of grazing 
impacts among nine size classes of plants (Norton and Johnson 1981, 
Norton and Johnson 1986) and utilization of plants over time (Norton 
and Johnson 1986). Further analyses, beyond thos~ considered here, are 
planned. 
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Conclusions 
Pastures which are 800 min length or shorter are not likely to 
have animal distribution problems related to water, although animal 
distribution may be affected by obstructions within pastures. Small 
plants are less likely to be grazed under any of the grazing systems 
studied, but those that are grazed under CSLG will (on average) tend to 
be grazed more severely than large grazed plants . When both the 
proportion of plants grazed and the severity of grazing are considered 
together, grazing was more severe for the small plant size class than 
for large under CSLG, but more severe for the large plant size class 
than for small under all other grazing treatments. The SDG treatments 
did result in more even utilization of grazed plants, regardless of 
size, compared to CSLG, but grazing severity was not reduced . 
CHAPTER VI 
PATTERN OF REGRAZING ON CRESTED WHEATGRASS 
PLANTS BY CATTLE UNDER CONTINUOUS 
SEASON-LONG RAZING 
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Introduction 
Continuous grazing is commonly thought to provide the grazing 
animal with ample opportunities to graze selectively, resulting in 
frequent and/or severe defoliation of some plants and grazing of 
regrowth (Spedding 1965, Savory 1979, Beck 1980, Dwyer et al. 1984, 
Heady 1984). The result is thought to be a decline in vigor of 
desirable species and a general decline in range condition. 
Few studies on the frequency and severity of defoliation of 
individual plants or tillers have been reported. On continuously 
stocked swards sown to a single species , both frequency and severity of 
grazing by sheep increased as stocking rate or grazing pressure 
increased (Hodgson 1966, Hodgson and Ollerenshaw 1969, Morris 1969) but 
frequency declined over time (Greenwood and Arnold 1968). A 'correctly 
stocked' continuously grazed pasture, according to Morris (1969), would 
not result in grazing that is too frequent or severe. In comparisons 
between continuous and rotational, or short duration, grazing with 
cattle, Gammon and Roberts (1978a, 1978b, 1978c, 1980) found that 
grazing severity was very similar for most species for the two systems 
and that frequency of defoliation was not excessive under continuous 
grazing, nor was it reduced greatly under rotational grazing. 
Continuous, season- long grazing is commonly practiced on seeded 
foothill ranges in the Intermountain West in the spring. Millions of 
acres have been seeded to crested wheatgrass (Agrouyron desertorum 
(Fisch. ex Link)Schult.), a grazing tolerant caespitose grass. There 
is concern, however, that continuous grazing may result in 
deterioration of these seedings due to regrazing, and other grazing 
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systems, especially short duration grazing, are being studied for their 
potential benefits (Malechek and Dwyer 1983, Olson 1986). The purpose 
of this study was to determine the extent to which individual crested 
wheatgrass plants are regrazed under continuous , season-long grazing. 
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Study Area 
This study was conducted in the Tintic Valley, approximately 8 km 
southwest of Eureka, Utah on a research area maintained cooperatively 
by Utah State University and the Bureau of Land Management (U.S. 
Department of Interior). The area has an elevation of approximately 
1830 m and precipitation averages 320 mm, the majority of which falls 
in winter . and spring (Cook 1966). Twenty-four imp .roved pastures (28 ha 
each) were established on the area between 1949 and 1956 on land 
previously dominated by sagebrush (Artemisia tridentata Nutt. ssp. 
tridentata Beetle) and juniper (Juniperus osteosperma [Torr.] Little). 
Two of these pastures, 8 and 19, were chosen for this study based on 
their suitable vegetational characteristics. Both are nearly pure 
stands of crested wheatgrass with a minor component of western 
wheatgrass (Agropyron smithii Rydb.) and some reinvasion by sagebrush. 
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Methods 
In 1979, pastures 8 and 19 were grazed for 32 days from 
approximately the boot to the head phenological stages (1 June to 2 
July) by 30 black angus replacement heifers and one bull . Ocular 
estimates of pasture utilization after grazing were approximately 55% 
for both pastures. In 1980, pasture 19 was grazed for 2L~ days from 
approximately the 4-5 leaf to the head phenological stages (4 May to 28 
May) by 30 heifers and one bull. Ocular estimates of pasture 
utilization after grazing were approximately 60%. 
Sampling design was a stratified random sample in which each 
pasture (300 x 800 m) was divided into 3 parts according to distance 
from the watering point at the west end. The strata wer~ 0 - 270 m, 
270 - 540 m, or 540 - 800 m from water. Seven 4 m x 5 m sampling grids 
were randomly located within each of these strata and seven plots were 
randomly located within each grid. Thus each stratum had 49 sample 
plots and each ·pasture had 147 plots. In 1979 each plot was O. 5 m2 
(0.7 m x 0.7 rn) in area. 
0.25 m2 (0.5 m x 0.5 rn). 
In 1980 the size of each plot was reduced to 
A map of each plot was made in which the outline of the base of 
every crested wheatgrass plant in the plot was drawn to scale . Just 
prior to grazing, the height of current year's growth of each plant was 
measured and marked on the maps. Every plot was visited every other 
day, once grazing had begun, and utilization of plants on each plot was 
recorded as follows . An outline of the grazed area of each plant was 
drawn on the map with a colored pencil and the stubble height of the 
grazed area was recorded within the outline. Grazings to more than one 
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stubble height on · a single plant were accommodated by drawing the 
outline of each area differentiated by a distinct stubble height, and 
recording the stubble heights separately. Plant heights were 
remeasured on 11 June 1979 and 15 May and 21 May 1980 to account for 
plant growth . 
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Analyses 
Analyses of these data were divided into two groups: 1) analyses 
of the proportio~ of plants that are regrazed and 2) analyses of the 
involvement of a previously grazed portion of a plant in subsequent 
grazing. The plants sampled each year were divided into three size 
classes based on plant basal area : small (basal area< 80 cm2), medium 
( 80 cm2 < basal area< 180 cm2), and large (basal area~ 180 cm2). 
Contingency tables were used to compare proportions of plants 
within each size class and year that were regrazed. The number of 
plants that were regrazed (in a size class or year) was divided by 
either the total number of plants or the number of plants that were 
grazed at least once (in that size class or year) to yield the 
proportion of all plants that were regrazed (Regr/All plants) and the 
proportion of grazed plants that were regrazed (Regr/Graz plants) . 
The involvement of a previously grazed portion of a plant in a 
subsequent grazing was calculated two ways. In the first, the regrazed 
percent cover ( COVl) is that percentage of a plant's cover that was 
regrazed during the second or later grazing of that plant. If, for 
example, 30% of the cover of a plant was grazed previously and is 
grazed again during the nth (n>l) grazing event for that plant, COVl 
for that grazing event is 30%. The second approach was to calculate 
the percentage of the cover which was grazed during the nth (n>l) 
grazing event for a plant that involves an area of the plant that was 
grazed previously (COV2). If, for example, 100 cm2 of a plant were 
grazed during the nth (n>l) grazing event for that plant, and 25 cm2 of 
that area had been grazed previously, then 25% of that grazing occurred 
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on a previously grazed portion of the plant, and COV2 = 25 . One-way 
analysis of variance was performed on COVl and COV2 data with plant 
size class as the single factor. 
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Results and Discussion 
There was a significant difference (P=0.00) between the 1979 and 
1980 grazing treatments with regard to both the proportion of all 
sampled plants that were regrazed (Regr/All) and the proportion of 
grazed plants that were regrazed (Regr/Graz). Both proportions were 
greater in 1980 than in 1979 (Table 6 .1). This difference may be 
p'artly due to variation between years in plant production, but is more 
likely due to the timing of the grazing treatments. In 1979 grazing 
began when plants were in the boot phenological stage . It is at this 
time that the apical meristems are elevated, and their removal results 
in a cessation of growth on the affected · tillers. Thus lush regrowth 
would not be a factor affecting further grazing. Grazing in 1980 
began, instead, when the plants were still in a vegetative state (4-5 
leaf phenological stage) and grazing at this time could result in 
regrowth which might attract subsequent grazing. Another potential 
difference between 1979 and 1980 is the relative amount of forage 
avai lable over the length of the grazing treatment. Plants in a late 
phenological stage have greater mass than in an early stage. Thus, 
early in the grazing treatment in 1980 there would likely have been 
less forage available, and therefore greater grazing pressure than 
early in the 1979 grazing treatment. This could result in more 
frequent regrazing in 1980 than in 1979 (Hodgson 1966, Hodgson and 
Ollerenshaw 1969, Morris 1969). 
Significant differences between size classes for both Regr /A ll and 
Regr/Graz (Table 6.2) occurred in both 1979 (P=0.00) and 1980 (P=0.00). 
The proportion of small plants regrazed was significantly less (PS0.05) 
Table 6.1 Proportions of all sampled plants and all grazed plants 
that were regrazed, according to year of grazing. 
Year 
1979 
1980 
Proportion of All 
Plants Regrazedl 
(Regr/All) 
0.1111 a 
0.2391 b 
Proportion of Grazed 
Plants Regrazedl 
(Regr/Graz) 
0.1615 a 
0.3978 b 
lProportions within columns followed by different letters are 
significantly different (P=0.00) . 
Table 6.2 Proportions of all sampled plants and all grazed plants 
that were regrazed , according to size class and year of 
grazing . 
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Year 
Size 
Classl 
Proportion of All 
Plants Regrazed.2. 
(Regr/All) 
Proportion of Grazed 
Plants Regrazed.2. 
(Regr/Graz) 
19 79 
1980 
Small 
Medium 
Large 
Small 
Medium 
Large 
0.0740 a 
0 . 3324 b 
0.4545 c 
0.1692 a 
0.5175 b 
0.4533 b 
0 . 1108 a 
0.3898 b 
0.5689 c 
0.3075 a 
0.6705 b 
0.6182 b 
lPlant size classes are based on plant basal area (small: basal area 
< 80 cm2, medium: 80 cm2 < basal area< 180 cm2, and large: basal 
area> 180 cm2) . 
.2.Propo~tions within columns followed by different letters are 
significantly different (P~0.05). 
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than medium and large plants for both Regr/All and Regr/Graz in 1979 
and 1980 . The proportion of small plants, compared to medium and large 
plants, that were grazed under the seven grazing treatments analyzed in 
Chapter V was very low (Table 5.3); it is not surprising, then, that 
the proportion regrazed in this study should follow a similar pattern. 
Small plants provide too little biomass to be efficiently harvested 
(Kenney and Black 1984), especially after an initial defoliation . 
A greater proportion of large plants than medium plants was 
regrazed in 1979, but not in 1980. This is less easily explained than 
the result for small plants. It would appear that the difference 
between years for medium and large plants is primarily due to a great 
increase in the proportion of medium plants that were regrazed in 1980 
compared to 1979. This may be a result of increased grazing pressure, 
which other studies have associated with an increase in frequency of 
defoliation (Hodgson 1966, Hodgson and Ollerenshaw 1969, Morris 1969) . 
The fact that the proportions of large plants that were regrazed showed 
little increase in 1980 over 1979 does not necessarily negate this 
explanation. Large plants are more likely than small and medium plants 
to have standing dead culm accumulations in their canopies . The culms 
act as an impediment to grazing (Chapter IV). The effectiveness of the 
standing dead culms is greatest when the current year's growth is 
shortest (Figure 4 . 2). Thus, while grazing pressure may have been 
greater in 1980, the vegetation was generally shorter than in 1979 for 
much of the grazing period due to the earlier phenological stage at 
which the 1980 grazing treatment began. Standing dead culm 
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accumulations could then reduce the likelihood of large plants being 
grazed or regrazed, even under increased grazing pressure. 
There were significant differences between size classes in the 
involvement of previously grazed portions of plants in regrazing when 
calculated as COVl (P=O. 0000) and COV2 (P=O. 0000). Small plants had 
significantly larger (PSO. 05) COVl and COV2 values than medium and 
large plants (Table 6. 3). There was no significan .t difference (PSO. 05) 
between medium and large plants for either variable . It is not likely 
that the relatively large COVl and COV2 values for small plants 
indicate that cattle are attracted to the grazed portion of a small 
plant . Any gr-azing event on a small plant will affect a large 
percentage of plant cover (Table 5.4) simply because of the size of the 
basal area of small plants (less than 80 cm2). Thus, for any regrazing 
event the percent of the plant area receiving a second (or later) 
grazing (COVl) should be high and the proportion of the grazing area 
that was grazed previously should also be high for small plants. 
The fact that medium and large plants had such low values for both 
COVl and COV2 indicates that the grazed area of a plant was probably 
much less attractive to cattle than the ungrazed portion of the plant. 
During any regrazing event on a large plant, for example, only an 
average of 10. 8 percent of the plant's cover received a second ( or 
later) grazing, and only an average of 20.2 percent of the area grazed 
during that event was on previously grazed parts of the plant . In 
contrast, each grazing event, on average, affected approximately 68 
percent of the cover of a large plant (Table 5 . 4) . 
Table 6.3 Average regrazed percent cover (COVl) and average percent 
of a grazing that involves a previously grazed portion of 
a plant (COV2) for plants of three size classes. 
Size Plant Cover 
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Part of Grazing on 
Classl Re grazed (%).f. Area Previously Grazed ( % ).f. 
Small 41. 2 a 48.6 a 
Medium 19.3 b 30.6 b 
Large 10.8 b 20.2 b 
lp1ant size classes are based on plant basal area (small: basal area 
< 80 cm2, medium: 80 cm2 < basal area< 180 cm2, and large: basal 
area> 180 cm2) . 
.f.Perce~tages within columns followed by different letters are 
significantly different (P~0.05) . 
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Conclusions 
It appears that, in general, regrazing is not a serious problem 
under continuous, season-long grazing as described in this study. The 
majority of plants are grazed only once, and regrazing of a plant 
appears to affect primarily the previously ungrazed portion of that 
plant. Small plants are the least affected by regrazing under a 
continuous, season- long grazing treatment, as evidenced by the very 
small proportion of small plants that are regrazed. The severity of a 
regrazing, when it does occur on small plants can, however, be 
relatively high. 
A much greater proportion of medium ·and large plant populations is 
regrazed than small , but the severity of the regrazing is relatively 
minimal. Cattle are probably more attracted to the ungrazed portion of 
these plants than the previously grazed areas. 
The proportion of a plant population that is regrazed may be 
affected by the 1) phenological stages of the plants during grazing, 2) 
plant height with respect to standing dead culm height, and/or 3) 
grazing pressure. The design of this study does not, however, allow 
separate analysis of these factors. 
CHAPTER VII 
SUMMARY 
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Objectives and Hypotheses 
Grazing of individual crested wheatgrass plants by cattle was 
studied to determine 1) the proportion of the plant population that was 
graze d and regrazed, 2) the severity of a grazing event and 3) factors 
affecti ng grazing. Grazing impacts were determined using plots of 
p lants that were mapped to scale. Information on grazing of a plant 
was recorded on the maps by drawing an outline of the grazed area(s) 
and writing the stubble height wi thi n the outline(s). Grazing severity 
was determined by first calculating pregrazing phytomass , using 
a llometric equations which relate phytomass to plant volume, and then 
calculating the percentage of that phytomass that was removed, using 
equations relating cumulative percent weight (stubble weight) to 
cumu lative percent height (stubble height). 
specific objective and hypothesis, follows . 
Objective 1 
A summary of results, by 
Allometric equations were developed for predicting phytomass of 
ungrazed plants from plant volume . The basal elliptical cylinder model 
provided the best compromise between reality, cost of measurement and 
reliability of measurement of the three volume models tested. 
Allometric equation coefficients for crested wheatgrass fluctuated from 
year to year, and thus should be derived using data from the year of 
interest. The coefficients for equations fitted to separate size class 
data also varied widely . When, however, the data to be predicted cover 
a wide · range of plant sizes, the overall prediction using an equation 
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fitted to data from all size classes was as good as, or better than, 
that obtained using equations for each size class. 
Objective 2 
Patterns of grazing on individual crested wheatgrass plants were 
assessed for three plant size classes (small: basal area < 80 crn2, 
medium: 80 cm2 < basal area< 180 cm2, large : basal area~ 180 cm2), 
three pa~ture regions (0 - 270 m, 270 - 540 m and 540 - 800 m from 
water) subjected to a continuous, season- long grazing treatment, two 
levels of standing dead culm presence (present or absent) and seven 
grazing treatments (1 1979 continuous, season- long, 2 1983 high 
intensity at the boot stage, 3 1983 high intensity at seed head 
emergence, 4 - 1983 short duration, early cycle paddock , 5 - 1983 short 
duration, mid-cycle paddock, 6 1984 short duration, early-cycle 
paddock and 7 - 1984 short duration, mid-cycle paddock). 
H2.l The probability of an individual plant being grazed is not 
affected by : 
1) plant size . This hypothesis was rejected. The proportion of 
small plants grazed under all seven grazing treatments was less than 
the proportions of medium and large plants; 
2) location in pasture . This hypothesis was rejected. Distance 
from water was not important in pastures as small as those studied; 
however , not all areas of the pastures were utilized similarly . 
Differences in use may be due to physical impediment to free movement 
caused by such things as clusters of exclosures. 
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H2.2 The severity of grazing on individual plants is not affected 
by: 
1) plant size. This hypothesis was rejected. For at least 
continuous season-long grazing in 1979, small plants were grazed more 
severely (greater percent biomass removed) than large plants. This was 
not the case for the other six grazing treatments studied, however. 
2) presence of standing dead culms . This hypothesis was rejected. 
Severity of grazing on plants without standing dead culms was much 
greater than for plants with standing dead culms present. 
3) type of grazing system imposed . This hypothesis was 
conditionally rejected. Due to problems with experimental design, this 
hypothesis cannot be unconditionally rejected. Inference of this 
result is only appropriate to the area and years studied. Strong 
evidence has been provided, however , in support of the alternate 
hypothesis that severity of grazing is at least partially a function of 
the grazing system imposed. 
Objective 3 
Patterns of regrazing on individual crested wheatgrass plants were 
studied to determine 1) the probability of a plant being regrazed and 
2) whether or not regrazing is concentrated on areas of a plant that 
were previously grazed, resulting in grazing of regrowth. 
The probability of a grazed plant being regrazed is not 
affected by plant size. This hypothesis was rejected. The proportion 
of small plants that were regrazed was much lower than for medium and 
large plants when the pasture was grazed under continuous season-long 
grazing. This was the case for both late spring grazing, when little 
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or no regrowth occurred due to elevation of meristems, and for early 
spring grazing when regrowth after grazing was common. 
H3.2 Regrazing is not concentrated on regrowth. This hypothesis 
was accepted. Most regrazing occurred on the previously ungrazed area 
of the plant. This was true for both early and late spring grazing, 
although the percentage of a grazing event occurring on a previously 
grazed portion was highest for the early spring grazing treatment where 
regrowth is most likely. This indicates that the presence of regrowth 
may influence regrazing, but previously ungrazed areas of a plant are 
still likely to receive the greatest grazing impact. 
Objective 4 
Data collected for studying patchy grazing were not representative 
of the size class distribution of the plant population in the pastures. 
Analyses of patch size patterns were thus inappropriate and hypotheses 
H4.l - H4.3 were not tested. 
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Management and Research Recommendations 
Management 
This study has provided information which may be of value to range 
managers dealing with crested wheatgrass pastures. Specific 
information and recommendations follow. 
The buildup of standing dead culms in the canopies of crested 
wheatgra ss plants acts as a deterrent to grazing. Grazing management 
plans designed to avoid such buildups, such as periodically grazing a 
pasture when plants are in the boot or later phenological stage may be 
useful . In many pastures, however, a relatively large percentage of 
crested wheatgrass plants have substantial accumulations of standing 
dead culms . 
situation. 
There are at least two management alternatives in this 
The first is to remove the standing dead culms by , for 
example, winter grazing, late summer grazing or mowing. The second 
alternative is to calculate carrying capacity based on the assumption 
that plants with heavy standing dead culm accumulations are unavailable 
to cattle. This will result in a reduced stocking rate. 
A mix of size classes is more valuable than a single size class in 
crested wheatgrass pastures. This is true because a) grazing 
efficiency is likely to be reduced in a pasture of predominantly small 
size class plants, b) buildup of standing dead culms is a potential 
problem in pastures having a majority of large size class plants and c) 
on pastures having a mix of size classes, medium and large plants will 
provide the majority of the forage for the grazing animals and the 
small plants will have a greater probability of producing seed needed 
to maintain the stand. 
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Regrazing under continuous, season-long (spring) grazing is not a 
serious problem on crested wheatgrass plants. Little benefit would be 
expected then, from adoption of specialized grazing systems designed to 
reduce the incidence of regrazing. 
Research 
The t ype of research described in this dissertation, though very 
labor intensive, has the potential to B.id range scientists in obtaining 
a more definitive understanding of the impacts of grazing on 
rangelands. Further work is necessary to determine the types of plants 
selected by grazing animals, circumstances affecting selection, and the 
results of grazing on plants and pastures . This will be important not 
only for crested wheatgrass pastures, but for other monocul tures as 
well as mixed species pastures. The methods used here to determine 
utilization of individual plants should be tested on crested wheatgrass 
plants in other locations, and should be developed for other plant 
species as well. Research should also focus on modification of the 
method developed here, in which utilization is estimated for individual 
plants, for use in estimation of utilization on plots . Additionally, 
techniques should be devised to study patchiness of grazing phenomena. 
It is very important for grazing systems to be studied and 
compared. This will require careful consideration of many factors 
including comparability of study pastures, stocking density, stocking 
pressure, and class of livestock. Replication of treatment within 
years _is a necessity , and repetition for two or more years a must. 
Such studies, if done at the level of the individual plant or tiller, 
have the potential to produce valuable information on the mechanisms 
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underlying the relationships between grazing animals and pasture 
responses. 
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Table A.l Analysis of variance for size, phenology and standing dead 
culrn effects. The dependent variable is percent cover 
grazed. 
Source df MS F p 
Size (S) 2 6404.368 3.0552 0. 0720 
Phenology (P) 2 64769. 721 30·. 8983 0.0000 
s x p 4 1747.274 0.8335 0. 5214 
Error A 18 2096.217 
Standing dead culrns (D) 1 305406.015 232 . 5725 0 . 0000 
D X S 2 18049. 571 13. 7451 0.0002 
D X P 2 17000.148 12 .9459 0.0003 
D X S x p 4 86.258 0.0657 0.9914 
Error B 18 1313 .165 
Table A.2 Analysis of variance for size, phenology and standing dead 
culrn effects. The dependent variable is percent biomass 
grazed. 
Source df MS F p 
Size (S) 2 2027 . 370 2.5351 0 .1072 
Phenology (P) 2 29112 . 556 36.4034 0.0000 
s x p 4 382 . 539 0.4783 0.7513 
Error A 18 799. 721 
Standing dead culrns (D) 1 64426.822 132 .7459 0.0000 
D X S 2 3432.322 7. 0720 0.0054 
D X P 2 688.815 1.4192 0. 2677 
D X S X p 4 346.815 0. 7146 0.5928 
Error B 18 485.340 
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Table A. 3 Analysis of variance for size, phenology and standing dead 
culm effects. The dependent variable is stubble height. 
Source df MS F p 
Size (S) 2 327.589 11. 5192 0 . 0006 
Phenology (P) 2 46 . 464 1.6338 0 . 2228 
s x p 4 16 . 771 0 . 589 7 0.6744 
Er ror A 18 28 . 439 
Standing dead culms (D) 1 132.864 14.8759 0 . 0012 
D X S 2 3.663 0 . 4101 0. 6696 
D X P 2 5.004 0 . 5602 0.5807 
D X S x p 4 11. 087 1.2414 0 . 3288 
Error B 18 8.931 
Table A.4 Analysis of variance for grazing treatment and plant size 
effects. The dependent variable is percent cover grazed . 
Source df MS F p 
Gr a zin g treatment (T) 6 17757.6109 23.3944 0 . 0000 
Plant size (S) 2 18874.0692 24.8653 0 . 0000 
T X S 12 4926. 7705 6.4907 0 . 0001 
Error 21 759.0524 
Sub sampling error 6306 380.1552 
Table A. 5 Analysis of variance for grazing treatment and plant size 
effects. The dependent variable is percent biomass grazed. 
Source df MS F p 
Grazing treatment (T) 6 22799.6027 11.4701 0 . 0000 
Plant size (S) 2 742.7926 0.3737 0.6927 
T X S 12 2711 . 7771 1. 3643 0.2572 
Error 21 1987. 7366 
Subsampling error 6306 272. 2894 
Table A.6 Analysis of variance for plant size effects for CSLG in 
1979. The dependent variable is percent cover grazed. 
Source 
Plant size 
Error 
Subsampling error 
df 
2 
3 
3132 
MS 
49496. 0204 
571.3912 
42.5. 8161 
F 
86.6237 
p 
0.0022 
Table A.7 Analysis of variance for plant size effects for CSLG in 
1979. The dependent variable is percent biomass grazed. 
Source 
Plant size 
Error 
Subs ampling error 
df 
2 
3 
3132 
MS 
12830.3840 
988.9596 
306 . 9343 
F 
12.9736 
p 
0.0334 
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Table A.8 Analysis of variance for plant size effects for HI-boot in 
1983 . The dependent variable is percent cover grazed. 
Source 
Plant size 
Error 
Subsampling error 
df 
2 
3 
505 
MS 
2512 . 4785 
709.7160 
461. 9296 
F 
3.5401 
p 
0.1624 
Table A. 9 Analysis of variance for plant size effects for HI-boot in 
1983. The dependent variable is percent biomass grazed. 
Source 
Plant size 
Error 
Subsampling error 
df 
2 
3 
505 
MS 
233.5066 
113.3661 
287. 7596 
F 
2.0598 
p 
0.2735 
Table A. 10 Analy .sis of variance for plant size effects for Hi-
ernergent in 1983. The dependent variable is percent 
cover grazed. 
Source 
Plant size 
Error 
Subsarnpling error 
df 
2 
3 
558 
MS 
3288.4644 
898.2129 
532.0659 
F 
3. 6611 
p 
0.1567 
Table A.11 Analysis of variance for plant size effects for HI-
ernergent in 1983. The dependent variable is percent 
biomass grazed . 
Source 
Plant size 
Error 
Subsarnpling error 
df 
2 
3 
558 
MS 
345.0505 
473.5199 
211 . 3795 
F 
0 . 7287 
p 
0.5522 
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Table A.12 Analysis of variance for plant size effects for SDG-early 
in 1983. The dependent variable is percent cover grazed. 
Source df MS F p 
Plant size 2 554.7845 0.3484 0. 7310 
Error 3 1592.1579 
Sub sampling error 319 307 . 7306 
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Table A.13 Analysis of variance for plant size effects for SDG-early 
in 1983. The dependent variable is percent biomass 
grazed. 
Source df MS F p 
Plant size 2 86.7863 0.0127 0 . 9874 
Error 3 6817.2920 
Subsampling error 319 256.1330 
Table A. 14 Analysis of variance for plant size effects for SDG-mid. in 
1983. The dependent variable is percent cover grazed. 
Source 
Plant size 
Error 
Subsampling error 
df 
2 
3 
326 
MS 
6640.1059 
836.1928 
328.5150 
F 
7.9409 
p 
0.0633 
Table A.15 Analysis of variance for plant size effects for SDG-mid in 
1983 . The dependent variable is percent biomass grazed. 
Source 
Plant size 
Error 
Subsampling error 
df 
2 
3 
326 
MS 
1090.6827 
2287.0826 
311.1282 
F 
0.4769 
p 
0.6609 
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Table A.16 Analysis of variance for plant size effects for SDG-early 
in 1984. The dependent variable is percent cover grazed. 
Source 
Plant size 
Error 
Subsampling error 
T .s.b le A.17 Analysis 
in 1984 . 
Source 
Plant size 
Error 
Subsampling error 
Table A. 18 Analysis 
in 1984 . 
Source 
Plant size 
Error 
Subsamplirig error 
of 
df 
2 
3 
788 
variance 
MS 
358.2163 
92.4038 
280.9087 
for plant size 
The dependent variable is 
df MS 
2 1230.4391 
3 2090.7499 
788 220.7524 
of variance for plant size 
The dependent variable is 
df MS 
2 595.3994 
3 613.2922 
678 157.5480 
F p 
3.8766 0 . 1474 
effects for SDG-early 
percent biomass grazed. 
F p 
0.5885 0.6087 
effects for SDG-mid 
percent cover grazed. 
F p 
0.9708 0. 4730 
Table A.19 Analysis of variance for plant size effects for SDG-mid in 
1984. The dependent variable is percent biomass grazed. 
Source 
Plant size 
Error 
Subsampling error 
df 
2 
3 
678 
MS 
2390.2494 
1143.1862 
199 . 6801 
F 
2.0909 
p 
0.2700 
Table A.20 Analysis of variance for year and plant size effects. 
The dependent variable is the average 1>ercentage of a 
regrazing event that involves a previously grazed pa r t 
of the plant . 
Source 
Plant size (S) 
Error 
Subsampling error 
df 
2 
3 
877 
MS 
54611. 965 
2411. 833 
1828.751 
F 
22.643 
p 
0 . 0000 
Table A.21 Analysis of variance for year and plant size effects. 
The dependent variable is the average percent cover of 
a ~lant that is regrazed. 
Source 
Plant size (S) 
Error 
Subsampling error 
df 
2 
3 
877 
MS 
67899.167 
1205.106 
1260.823 
F 
56.343 
p 
0.0000 
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Table B . l Contingency tables and x 2 statistics for pasture location 
effects on proportion of plants grazed for CSLG in 1979. 
CSLG, Rep 1 
Location 
0-270 m 
270-540 m 
540-800 m 
Total 
# Grazed 
631 
641 
670 
1942 
CSLG, Rep 2 
Location 
0-270 m 
270-540 m 
540-800 m 
Total 
Location 
0-270 m 
270-540 m 
Total 
Location 
270-540 m 
540-800 m 
Total 
Location 
0-270 m 
540-800 m 
Total 
# Grazed 
# 
459 
295 
437 
1191 
Grazed 
459 
295 
754 
# Grazed 
295 
437 
732 
# Grazed 
459 
437 
896 
# Plants 
848 
849 
856 
2553 
# Plants 
# 
# 
# 
711 
564 
727 
2002 
Plants 
711 
564 
1275 
Plants 
564 
727 
1291 
Plants 
711 
727 
1438 
Proportion 
Grazed 
0.7441 
0 . 7550 
0.7827 
0.7607 
Proportion 
Grazed 
0 . 6456 
0.5230 
0. 6011 
0.5949 
Proportion 
Grazed 
0.6456 
0.5230 
0.5914 
Proportion 
Grazed 
0.5230 
0. 6011 
0.5670 
Proportion 
Grazed 
0.6456 
0. 6011 
0.6231 
x 2 
p 
x2 
p 
x2 
p 
x2 
p 
x2 
p 
3 . 3603 
0.1864 
19.7939 
0.0000 
19.4490 
0 . 0000 
7. 8273 
0 . 0051 
3.0380 
0. 0813 
Table B.l (Continued) . 
CSLG, Combined 
Location # Grazed 
0-270 m 1090 
270-540 m 936 
540-800 m 1107 
Total 3133 
Location # Grazed 
0-270 m 1090 
270-540 m 936 
Total 2026 
Location # Grazed 
270-540 m 936 
540-800 m 1107 
Total 2043 
Location # Grazed 
0-270 m 1090 
540 - 800 m 1107 
Total 2197 
# Plants 
1559 
1413 
1583 
4555 
# Plants 
1559 
1413 
2972 
# Plants 
1413 
1583 
2996 
# Plants 
1559 
1583 
3142 
Proportion 
Grazed 
0.6992 
0 . 6624 
0.6993 
0.6878 
Proportion 
Grazed 
0.6992 
0.6624 
0.6817 
Proportion 
Grazed 
0.6624 
0.6993 
0.6819 
Proportion 
Grazed 
0.6992 
0.6993 
0.6992 
x 2 6.4364 
P 0.0400 
x2 4.65560 
p 0.0395 
x2 5 . 5972 
p 0.0180 
x2 0.5263 
p 0.4682 
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Table B. 2 Contingency tables . and ';(- statistics for plant size class 
effects on proportion of plants grazed for seven grazing 
treatments. 
1979 CSLG, Rep 1 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 1700 2291 0.7420 x2 42. 6175 
Medium 155 165 0.9394 P 0.0000 
Large 87 97 0.8969 
Total · 1942 2553 0.7607 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 1700 2291 0.7420 x2 32.0606 
Medium 155 165 0.9394 p 0.0000 
Total 1855 2456 0.7553 
Proportion 
Size Class # Grazed # Plants Grazed 
Medium 155 165 0.9394 x2 1.4458 
Large 87 97 0.8969 p 0.2292 
Total 242 262 0.9237 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 1700 2291 0.7420 x2 11. 7772 
Large 87 97 0. 8969 p 0.0006 
Total 1787 2388 0.7483 
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Table B.2 (Continued) 
1979 CSLG, Rep 2 
Proportion 
Size Class # Grazed ... Plants Grazed Tr 
Small 971 1709 0.5682 X 2 35.8113 
Medium 140 181 0. 7735 P 0.0000 
Large 80 112 0. 7143 
Total 1191 2002 0.5949 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 971 1709 0.5682 x 2 28 . 7522 
Medium 140 181 0. 7735 p 0.0000 
Total 1111 1890 0.5878 
Proportion 
Size Class '# Grazed # Plants Grazed 
Medium 140 181 0. 7735 x 2 1.2617 
Larg;e 80 112 0. 7143 p 0. 2613 
Total 220 293 0.7509 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 971 1709 0.5682 x 2 11.4989 
Larg;e 80 112 0. 7143 p 0.0007 
Total 1051 1821 0.5772 
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Table B. 2 (Continued) 
1979 CSLG, Combined 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 2671 4000 0.6678 x2 64. 1877 
Medium 295 346 0.8526 P 0.0000 
Large 167 209 0 . 7990 
Total 3133 4555 0.6878 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 2671 4000 0.6678 x2 50.3743 
Medium 295 346 0.8526 p 0 . 0000 
Total 2966 4346 0.6825 
Proportion 
Size Class # Grazed # Plants Grazed 
Medium 295 346 0.8526 x2 2. 7324 
Large 167 209 0.7990 p 0.0983 
Total 462 555 0.8324 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 2671 4000 0 . 6678 x2 15.7000 
Large 167 209 0.7990 p 0.0001 
Total 2838 4209 0.6743 
Table B.2 (Continued) 
1983 Hi-boot, Rep 1 
Size Class 
Small 
Medium 
Large 
Total 
Size Class 
Small 
Medium 
Total 
Size Class 
Medium 
Large 
Total 
Size Class 
Small 
Large 
Total 
# Grazed 
280 
30 
17 
327 
# Grazed 
280 
30 
310 
# Grazed 
30 
17 
47 
# Grazed 
280 
17 
297 
# Plants 
407 
30 
20 
45 7 
# Plants 
407 
30 
437 
# Plants 
30 
20 
so 
# Plants 
407 
20 
427 
Proportion 
Grazed 
0.6880 
1.0000 
0.8500 
0. 7155 
Proportion 
Grazed 
0.6880 
1.0000 
0 . 7094 
Proportion 
Grazed 
1.0000 
0.8500 
0.9400 
Proportion 
Grazed 
0.6880 
0.8500 
0.6956 
x 2 
p 
x 2 
p 
x2 
p 
x2 
p 
15.3346 
0 . 0005 
13. 2233 
0.0003 
4.7872 
0.0287 
2.3463 
0.1256 
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Table B.2 (Continued) 
1983 Hi-boot, Rep 2 
Size Class 
Small 
Medium 
Large 
Total · 
Size Class 
Small 
Medium 
Total 
Size Class 
Medium 
Large 
Total 
Size Class 
Small 
Large 
Total 
# Grazed 
# 
# 
149 
16 
20 
185 
Graze d 
149 
16 
165 
Grazed 
16 
20 
36 
# Grazed 
149 
20 
169 
# Plants 
# 
# 
# 
260 
18 
24 
302 
Plants 
260 
18 
278 
Plants 
18 
24 
42 
Plants 
260 
24 
284 
Proportion 
Grazed 
0.5731 
0.8889 
0 . 8333 
0.6126 
Proportion 
Grazed 
0.5731 
0.8889 
0 . 5935 
Proportion 
Grazed 
0.8889 
0.8333 
0.8571 
Proportion 
Grazed 
0.5731 
0 . 8333 
0.5951 
x2 
p 
x2 
p 
x2 
p 
x2 
p 
12.4275 
0. 0021 
6.9917 
0.0081 
0.2678 
0.6048 
6.1671 
0 . 0130 
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Table B.2 (Continued) 
1983 HI-boot, Combined 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 429 667 0 . 6432 X 2 26 . 1153 
Medium 46 48 0 . 9583 P 0 . 0000 
Large 37 44 0 . 8409 
Total 512 759 0 . 6746 
Proportion 
Size Class # Grazed # Plants Grazed 
Small .429 667 0 . 6432 x 2 20.0538 
Medium 46 48 0.9583 p 0 . 0000 
Total 475 715 0.6643 
Proportion 
Size Class # Grazed # Plants Grazed 
Medium 46 48 0.9583 x 2 3 . 5417 
Large 37 44 0.8409 p 0 . 0598 
Total 83 92 0.9022 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 429 667 0.6432 x 2 7.2158 
Large 37 44 0.8409 p 0. 0272 
Total 466 711 0.6554 
Table B.2 (Continued) 
1983 HI-emergent, Rep 1 
Size Class 
Small 
Medium 
Large 
Total 
Size Class 
Small 
Medium 
Total 
Size Class 
Medium 
Large 
Total 
Size Class 
Small 
Large 
Total 
# Grazed 
224 
31 
38 
293 
# Grazed 
22!+ 
31 
255 
# Grazed 
31 
38 
69 
# Grazed 
224 
38 
262 
# Plants 
298 
32 
39 
369 
# Plants 
298 
32 
330 
# Plants 
32 
39 
71 
# Plants 
298 
39 
337 
Proportion 
Grazed 
0.7517 
0.9688 
0.9744 
0.7940 
Proportion 
Grazed 
0.7517 
0.9688 
0. 7727 
Proportion 
Grazed 
0. 9688 
0.9744 
0.9718 
Proportion 
Grazed 
0.7517 
0.9744 
0. 7774 
x2 
p 
x 2 
p 
x2 
p 
x2 
p 
17 . 1113 
0.0000 
7.82938 
0.0052 
0. 2116 
0.6455 
9.9925 
0.0016 
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Table B. 2 (Continued) 
1983 HI - emergent, Rep 2 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 201 273 0.7363 X 2 21 . 1125 
Medium 37 38 0 . 9737 P 0 . 0000 
Large 33 33 1 . 0000 
Total 271 344 0.7878 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 201 273 0.7363 x 2 10.4768 
Medium 37 38 0.9737 p 0.0013 
Total 238 311 0.7653 
Proportion 
Size Class # Grazed # Plants Grazed 
Medium 37 38 0. 9737 x 2 0.9999 
Large 33 33 1 . 0000 p 0.3173 
Total 70 71 0.9859 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 201 273 0.7363 x 2 11.4292 
Large 33 33 1.0000 p 0.0007 
Total 234 306 0.7647 
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Table B.2 (Continued) 
1983 HI-emergent, Combined 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 425 571 0.7443 x 2 37.9376 
Medium 68 70 0. 9714 P 0.0000 
Large 71 72 0.9861 
Total 564 713 0. 7910 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 425 571 0.7443 x 2 18 .11 19 
Medium 68 70 0. 9714 p 0.0000 
Total 493 641 0. 7691 
Proportion 
Size Class # Grazed # Plants Grazed 
Medium 68 70 0. 9714 x 2 0.0581 
Large 71 72 0.9861 p 0.8095 
Total 139 142 0.9789 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 425 571 0 . 7443 x2 21.1305 
Large 71 72 0 . 9861 p 0.0000 
Total 496 643 0. 7714 
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Table B.2 (Continued) 
1983 SDG-early, Rep l 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 124 221 0. 5611 X 2 31. 6682 
Medium 18 18 1.0000 P 0.0000 
Large . 32 33 0.9697 
Total 174 272 0.6397 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 121+ 221 0. 5611 x 2 13. 3289 
Medium 18 18 1.0000 p 0.0003 
Total 142 239 0.5941 
Proportion 
Size Class # Grazed # Plants Grazed 
Medium 18 18 1.0000 x 2 0.5412 
Large 32 33 0.9697 p 0.4619 
Total 50 51 0.9804 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 124 221 0.5611 x 2 20. 2213 
Large 32 33 0.9697 p 0.0000 
Total 156 254 0.6142 
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Table B . 2 (Continued) 
1983 SDG-early, Rep 2 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 81 123 0.6585 x 2 27.0924 
Medium 30 32 0.9375 P 0 . 0000 
Large 43 43 1.0000 
Total 154 198 0.7778 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 81 123 0.6585 x 2 9. 7216 
Medium 30 32 0.9375 p 0.0018 
Total 111 155 0. 7161 
Proportion 
Size Class # Grazed # Plants Grazed 
Medium 30 32 0.9375 x 2 2.8514 
Large 43 43 1.0000 p 0. 0913 
Total 73 75 0. 9733 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 81 123 0.6585 x 2 19.6332 
Large 43 43 1.0000 p 0.0000 
Total 124 166 0.7470 
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Table B. 2 (Continued) 
1983 SDG-early, Combined 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 205 344 0 . 5959 x2 63.2640 
Medium 48 50 0.9600 P 0.0000 
Large 75 76 0 . 9868 
Total 328 470 0.6979 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 205 344 0 . 5959 x2 25.1872 
Medium 48 50 0 . 9600 p 0.0000 
Total 253 394 0.6421 
Proportion 
Size Class "# Grazed # Plants Grazed 
Medium 48 50 0 . 9600 x2 0 . 7489 
Larg;e 75 76 0.9868 p 0.3868 
Total 123 126 0.9762 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 205 344 0.5959 x2 42 . 7229 
Larg;e 75 76 0.9868 p 0.0000 
Total 280 420 0.6667 
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Table B.2 (Continued) 
1983 SDG-mid , Rep 1 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 108 207 0.5217 x2 34 . 0466 
Medium 18 18 1.0000 P 0.0000 
Large 23 23 1.0000 
Total 149 248 0.5984 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 108 207 0. 5217 x2 15.3555 
Medium 18 18 1.0000 p 0.0001 
Total 126 225 0.5600 
Proportion 
Size Class # Grazed # Plants Grazed 
Medium 18 18 1.0000 x2 0.0000 
Large 23 23 1 . 0000 p 1.0000 
Total 41 41 1.0000 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 108 207 0. 5217 x2 19.2775 
Large 23 23 1.0000 p 0.0000 
Total 131 230 0. 5696 
Table B.2 (Continued) 
1983 SDG-mid, Rep 7. 
Size Class 
Small 
Medium 
Large 
Total 
Size Class 
Small 
Medium 
Total 
Size Class 
Medium 
Large 
Total 
Size Class 
Small 
Large 
Total 
# Grazed 
130 
23 
33 
186 
# Grazed 
130 
23 
153 
# Grazed 
23 
33 
56 
# Grazed 
130 
33 
163 
# Plants 
224 
23 
34 
281 
# Plants 
224 
23 
247 
# Plants 
23 
34 
57 
# Plants 
224 
34 
258 
Proportion 
Grazed 
0.5804 
1.0000 
0.9706 
0.6619 
Proportion 
Grazed 
0.5804 
1.0000 
0 . 6194 
Proportion 
Grazed 
1.0000 
0.9706 
0.9825 
Proportion 
Grazed 
0.5804 
0.9706 
0.6318 
x2 
p 
x 2 
p 
x 2 
p 
x 2 
p 
32.9257 
0.0000 
15.6263 
0.0001 
0.5700 
0 . 4503 
19.3372 
0.0000 
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Table B . 2 (Continued) 
1983 SDG-mid, Combined 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 238 431 0.5522 x 2 65.8314 
Medium 41 41 1.0000 P 0.0000 
Large 56 57 0.9825 
Total 335 529 0.6333 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 238 431 0.5522 x 2 31. 1709 
Medium 41 41 1.0000 p 0.0000 
Total 279 472 0.5910 
Proportion 
Size Class # Grazed # Plants Grazed 
Medium 41 41 1.0000 x 2 0. 9311 
Large 56 57 0.9825 p 0.3346 
Total 97 98 0.9898 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 238 431 0.5522 x 2 38.8678 
Large 56 57 0.9825 p 0.0000 
Total 294 488 0.6025 
Table B . 2 (Continued) 
1984 SDG-early, Rei 1 
Size Class 
Small 
Medium 
Large 
Total 
Size Cl a ss 
Small 
Medium 
Total 
Size Class 
Medium 
Large 
Total 
Size Class 
Small 
Large 
Total 
# Grazed 
313 
42 
67 
422 
# Grazed 
313 
42 
355 
# Grazed 
42 
67 
109 
# Grazed 
313 
67 
380 
# Plants 
459 
42 
67 
568 
# Plants 
459 
42 
501 
# Plants 
42 
67 
109 
# Plants 
459 
67 
526 
Proportion 
Grazed 
0 . 6819 
1 .0000 
1.0000 
0.7430 
Proportion 
Grazed 
0.6819 
1.0000 
0.7086 
Proportion 
Grazed 
1.0000 
1.0000 
1.0000 
Proportion 
Grazed 
0.6819 
1.0000 
0. 7224 
x 2 
p 
x 2 
p 
x 2 
p 
x2 
p 
46.5496 
0 . 0000 
18.7988 
0 . 0000 
0 . 0000 
1.0000 
34.2164 
0.0000 
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Table B. 2 (Continued) 
1984 SDG-early, Rep 2 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 263 320 0.8219 x 2 28 . 8042 
Medium 82 83 0.9880 P 0.0000 
Large 71 71 1.0000 
Total 416 474 0. 8776 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 263 320 0.8219 x 2 14.7833 
Medium 82 83 0.9880 p 0.0001 
Total 345 403 0 . 8561 
Proportion 
Size Class # Grazed # Plants Grazed 
Medium 82 83 0.9880 x 2 1. 6260 
Large 71 71 1.0000 p 0.2023 
Total 153 154 0.9935 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 263 320 0.8219 x 2 14.9098 
Large 71 71 1.0000 p 0.0001 
Total 334 391 0.8542 
Table B.2 (Continued) 
1984 SDG-early, Combined 
Size Class 
Small 
Medium 
Large 
Total 
Size Class 
Small 
Medium 
Total 
Size Class 
Medium 
Large 
Total 
Size Class 
Small 
Large 
Total 
# Grazed 
576 
124 
138 
838 
# Grazed 
576 
124 
700 
# Grazed 
124 
138 
262 
# Grazed 
576 
138 
714 
# Plants 
779 
125 
138 
1042 
# Plants 
779 
125 
904 
# Plants 
125 
138 
263 
# Plants 
779 
138 
917 
Proportion 
Grazed 
0.7394 
0.9920 
1.0000 
0 . 8042 
Proportion 
Grazed 
0.7394 
0.9920 
0. 7743 
Proportion 
Grazed 
0.9920 
1.0000 
0. 9962 
Proportion 
Grazed 
0. 7394 
1.0000 
0. 7786 
x 2 
p 
x 2 
p 
x 2 
p 
x2 
p 
82 . 4502 
0.0000 
39.4393 
0.0000 
0.9510 
0.3295 
46.2577 
0.0000 
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Table B. 2 (Continued) 
1984 SDG-rni d , Rep 1 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 263 361 0. 7285 x 2 38.7256 
Medium 49 49 1 . 0000 P 0 . 0000 
La rge 6{~ 64 1 . 0000 
Total 376 4 74 0 . 7932 
Proportion 
Size Cla s s # Grazed # Plants Grazed 
Small 263 361 0. 7285 x2 17 . 3934 
Medium 49 49 1 . 0000 p 0 . 0000 
Tot al 312 410 0.7610 
Proportion 
Size Class # Grazed # Plants Grazed 
Medium 49 49 1 . 0000 x2 0 . 0000 
Large 64 64 1.0000 p 1.0000 
Total 113 113 1 . 0000 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 263 361 0. 7285 x2 22 . 5545 
Large 64 64 1.0000 p 0.0000 
Total 327 425 0.7694 
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Table B.2 (Cont inu e d) 
1984 SDG-mid, Rep 2 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 245 346 0.7081 x 2 46. 8390 
Medium 49 49 1 . 0000 P 0.0000 
Large 77 77 1 .00 00 
Total 371 472 0.7860 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 245 346 0.7081 x2 19.2326 
Medium 49 49 1.0000 p 0 .00 00 
Total 294 395 0.7443 
Proportion 
Size Class # Grazed # Plants Grazed 
Medium 49 49 1.0000 x2 0.0000 
Large 77 77 1.0000 p 1.0000 
Total 126 126 1 . 0000 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 245 346 0 . 7081 x2 29.5866 
Large 77 77 1 . 0000 p 0.0000 
Total 322 423 0.7612 
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Table B.2 (Continued) 
1984 SDG-mid, Combined 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 508 707 0. 7185 x2 85.2744 
Medium 98 98 1.0000 P 0.0000 
Large 141 141 1.0000 
Total 747 946 0 . 7896 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 508 707 0. 7185 x2 36 . 5475 
Medium 98 98 1.0000 p 0.0000 
Total 606 805 0.7528 
Proportion 
Size Class # Grazed # Plants Grazed 
Medium 98 · 98 1.0000 x2 0.0000 
Large 141 141 1.0000 p 1.0000 
Total 239 239 1.0000 
Proportion 
Size Class # Grazed # Plants Grazed 
Small 508 707 0. 7185 '2 51.8790 
Large 141 141 1.0000 p 0.0000 
Total 649 848 0.7653 
Table B. 3 Contingency tables and x 2 statistics for year of grazing 
effects on proportion of all plants that are regrazed. 
Proportion 
Year # Re grazed .... Plants Re grazed .,.,. 
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1979 506 4555 0.1111 x 2 108.8967 
1980 219 916 0. 2391 p 0.0000 
Total 725 5471 0.1325 
Table B. 4 Contingency tables and x 2 statistics for year of grazing 
effects on proportion of grazed plants that are regrazed. 
Proportion 
Year # Re grazed # Plants Re grazed 
1979 506 3133 0.1615 x 2 163.3936 
1980 219 543 0.3978 p 0.0000 
Total 725 3676 0 .1972 
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Table B.5 Contingency tables and x2 statistics for plant size class 
effects on proportion of all plants of each size class that 
are regrazed. 
1979 
Size Class 
Small 
Mediwn 
Large 
Total 
Size Class 
Small 
Medium 
Total 
Size Class 
Medium 
Large 
Total 
Size Class 
Small 
Large 
Total 
# Regrazed 
# 
# 
# 
296 
115 
95 
506 
Re grazed 
296 
115 
411 
Re grazed 
115 
95 
210 
Regrazed 
296 
95 
391 
# Plants 
4000 
· 346 
209 
4555 
# Plants 
4000 
346 
4346 
# Plants 
346 
209 
555 
# Plants 
4000 
209 
4209 
Proportion 
Re grazed 
0.0740 
0.3324 
0.4545 
0 .1111 
Proportion 
Re grazed 
0.0740 
0.3324 
0.0946 
Proportion 
Re grazed 
0.3324 
0.4545 
0.3784 
Proportion 
Re grazed 
0.0740 
0.4545 
0. 0929 
x2 
p 
x 2 
p 
x 2 
p 
x 2 
p 
476.8371 
0.0000 
248.0933 
0.0000 
153.0333 
0.0000 
341.2571 
0.0000 
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Table B.5 (Continued) 
1980 
Proportion 
Size Class .... Re grazed # Plants Re grazed Tr 
Small 123 727 0.1692 x 2 79.0469 
Medium 59 114 0.5175 P 0.0000 
Large 34 75 0.4533 
Total 216 9lq 0. 2391 
Proportion 
Size Class # Regrazed # Plants Re grazed 
Small 123 727 0 .1692 x2 70.5268 
Medium 59 114 0.5175 p 0.0000 
Total 182 841 0.2164 
Proportion 
Size Class # Re grazed # Plants Re grazed 
Medium 59 114 0 .5 175 x 2 0.7178 
Large 34 75 0.4533 p 
Total 93 189 0.4921 
Proportion 
Size Class # Regrazed # Plants Re grazed 
Small 123 727 0.1692 x2 34.8223 
Large 34 75 0.4533 p 0.0000 
Total 157 802 0.1958 
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Table B.6 Contingency tables and 2-statistics for plant size class 
effects on the proportion of grazed plants that are 
re grazed 
1979 
Proportion 
Size Class # Re grazed # Grazed Regrazed 
Small 296 2671 0 .1108 x2 368.8608 
Medium 115 295 0 . 3898 p 0.0000 
Large 95 167 0.5689 
Total 506 3133 0.1615 
Proportion 
Size Class # Regrazed # Grazed Re grazed 
Small 296 2671 0 .1108 x2 173.0396 
Medium 115 295 0.3898 p 0.0000 
Total 411 2966 0 .1386 
Proportion 
Size Class # Re grazed # Grazed Re grazed 
Medium 115 295 0.3898 -l- 13. 8245 
Large 95 167 0.5689 p 
Total 210 462 0.4545 
Proportion 
Size Class # Re grazed # Grazed Re grazed 
Small 296 2671 0 .1108 x2 277. 4361 
Large 95 167 0.5689 p 0.0000 
Total 391 391 0 .1378 
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Table B. 6 (Continued) 
1980 
Proportion 
Size Class # Regrazed # Grazed Re grazed 
Small 123 400 0.3075 x 2 52.0799 
Medium 59 88 0.6705 P 0.0000 
Large 34 55 0 . 6182 
Total 216 543 0.3978 
Proportion 
Size Class # Regrazed # Plants Re grazed 
Small 123 400 0.3075 x 2 40 . 6858 
Medium 59 88 0.6705 p 0 . 0000 
Total 182 488 0 . 3729 
Proportion 
Size Class # Regrazed # Plants Re grazed 
Medium 59 88 0.6705 x2 0.4415 
Large 34 55 0.6182 p 
Total 93 143 0 . 6503 
Proportion 
Size Class # Regrazed # Plants Re grazed 
Small 123 400 0.3075 x2 20 . 6216 
Large 34 55 0.6182 p 
Total 157 455 0.3451 
Appendix C 
Patchiness of Grazing 
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Introduction 
A phenomenon that is visually obvious on many grazed pastures is 
patchy grazing ( Spedding 196 5) . A grazed patch is, in general, a 
contiguous group of grazed plants, and may be related to the feeding 
station concept discussed by Flores (1983). Repeated use of these 
patches can result in "spot overgrazing" (Stoddart et al. 1975) . 
The study of grazed patches could yield valuable information on 
a nimal grazing habits on a larger scale than the level of the 
individual plant . Unfortunately , however, the boundaries of grazed 
/ 
p atches have been defined S\tbjectivel y (Ring et al. 1985) , a problem 
./ 
that makes analyses within and between studies problematic. 
It was the goal of this study to describe the spatial arrangement 
o f gr azed and non-grazed plants along line transects in an effort to 
develop an acceptable definition of patch boundary and a viable means 
of measuring patch diameter. This study was designed to satisfy 
Objective 3 and test its three associated hypotheses (see Chapter I, 
Objectives and Hypotheses). 
Study Area 
This study was conducted in 1983 in the Tintic Valley, 
approximately 8 km southwest of Eureka, Utah on a research area 
maintained cooperatively by Utah State University and the Bureau of 
Land Management (U.S . Department of Interior). The area has an 
elevation of approximately 1830 m and precipitation averages 320 mm, 
the majority of which falls in winter and spring (Cook 1966). Twenty-
four improved pastures (28 ha each were established on the area from 
1949 to 1956 on land previously dominated by sagebrush (Artemisia 
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tridentata Nutt. ssp. tridentata Beetle) and juniper (Juniperus 
osteosperma [Torr.] Little). Two of these pastures, 2 and 22, were 
chosen for this study. Both are codominated by crested wheatgrass and 
tall wheatgrass with a minor component of western wheatgrass and 
virtually no reinvasion of sagebrush. 
Methods 
Clusters of four line transects, each 2 min length, were located 
in paddocks in pastures 2 and 22 approximately 5 m east of each of four 
plots from the 1985 high intensity grazing treatments (Chapter V). The 
four transects in a cluster radiated from a central stake. The 
direction of the first transect was chosen randomly, and the other 
three radiated at 90° increments from the first. A scale map of each 
transect was made by drawing the outline of the base of each crested 
wheatgrass plant intersecting the line transect. Just prior to grazing 
the height of current year's growth of each plant was measured and 
recorded on the maps . The transects were visited every other day, once 
grazing had begun, and utilization of plants on each plot was recorded 
as follows. Sheets of acetate were laid over each map (one sheet per 
sampling date) and an outline of the grazed area(s) of each plant was 
drawn with a permanent fine-tip marking pen. 
measured and recorded within each outline. 
Results and Discussion 
Stubble heights were 
Size class distribution of the transects was compared (Table C.l) 
to the size class distribution of the plots in . pastures 2 and 22 as 
well as plots in pastures 8 and 18 that were used in an associated 
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Table C.l Plant size class distribution(%) for plants sampled from 
line transects in pasture$ 2 and 22, and plots in pastures 
2, 8, 22 and 19. 
Size Transects Plots 
Class 2 22 2 22 8 19 
Small 56.0 44.0 97.0 95.1 89.7 85.4 
Medium 19.7 23.9 2.7 3.7 6.5 9.0 
Large 24.4 32.l 0 . 3 1. 2 3.8 5 . 6 
study (Chapter V) . The transects consistently sampled a smaller 
percentage of small plants and a larger percentage of medium and large 
plants than did plots . Undersampling of small plants by line transects 
is due to the smaller likelihood that a part of the base of a small 
plant will exist wherever a line transect falls , compared to a larger 
plant . Mueller-Dombois and Ellenberg (1974) suggest use of line-
intercepts only where there exists nearly 100 percent crown cover or 
plants have relatively large basal areas. The first criterion is 
definitely not met in crested wheatgrass pastures, and the second is 
met by only a small proportion of the plant population. 
It would be very difficult to define and measure grazed patches 
without a reasonable representation in the sample of the size class 
distribution of the plant population. Belt transects could provide a 
solution to this problem with appropriate testing of belt widths. 
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Pattern of Defoliation by Cattle Grazing 
Crested Wheatgrass Pastures 
B.E. NORTON and P.S. JOHNSON 
Utan State Unlve<Sity, LOQan, Utah, U.S.A. 
Summary 
Utili&.&tion of a monotypic ,uod o( perennial rr..., by cactlc i1 generally ueumcd to be a random proc,:u that can be ade-
quately me Hund by counting the number of plaats gr&M'd or by comparin1 biornut on ca,cd and r-a..£t'd plou. At a similar lcvd 
o( approxima1ion. r-uin! it often timuJatrd ~mentally by clippins: down to a pttKribcd height. The purpot.e of our 1tudy 
wu to cauninc defoliation in mo~ dna.il, loUowiag gTU i ng Kvcrity and frequency on 1.11 individu.al plant buia with an inter· 
val of only 48 hours b<-twtto obecrvationt. 
The 11udy wu conducted on two 28·ba paaturn or cruted wheatrr•u (Aro,,;,,,,,,'"'""""' [L.J Cacnn .), originally ,ceded 25 
ye.an earlier, in a semiarid area (320 mm aa..nu.al ptteipitation) located in wc1t central Ut&b, 8 km soutbwHt of Eureka. Nearly 
,oo pcrmanenc plou (0.5 en') wen: involved in the project . 
During 6 WCC.U or gt'UiDC by C&tllc iojllDC &Od caz(y J..Jy, 1979, the OYCralJ UtiiWlion WU 46~ by VOiume , wich nearly 70% 
of all plant.a bciog gr&.M'd ac leut once. Oa.Jy ooc-,iath o( tM gru.cd pl.aou wen: defoliated on more than one occasion. and rno,t 
of thow: were gru.cd ju.,t twi« . Data analy1i1 i.odieated a pttfcreocc for modttatc·siud planu, with let• intensity of gT1U.iog on. 
the ,mallut or lac1c1t 1i&.c cW1n. Sixty pcn:ent o( the 1mall«t 1l.ac-dau piano w~ not ~ at all . For tho.c planu that did 
c.:~ricncc defoliation, a.cvcrity of r,-uing wH invcrKiy related to plant ai&e. 
Gru.ing on tbcec cttttcd wbe&t(TU• pututts wa, neither random nor uniform . Tbc c&ttlc removed forage in a fashion th&t 
varied according to plant 1U.C. Very ,mall planu were graa.,ed in a manna 1imilar to a clipping 1imuJation. Planu rrcatcr th&n 
700 cm 1 in bu.a.I area n:pcricoccd a lou of lcu than half tbc plant volume, affttting: lctt than baJ( the plane cover, .at an avnagc 
dcfolia.tioo cveot . The pttpondtranu of biomus remainin1 in the 1,ugc wolf planu •t the end of the g,-u.ing pcTiod would •ug· 
gett that estlau.ting utillutioa by d~ure from amount of fora!l'c protected ln uo~ cacn could undcmtima.te &ctu&J 
uti1Wcioo on the population of pl&.nu providing most of tbc consumed foTtgc . 
Ktv Woao~ ; c~1tcd whu1grus, Al""fJY"O"t m1talwrt (L.) Gaertn . , util iutio n , cattle gyazing. grazing p.a.ncrn , defoliaoon fre-qur:nc, · 
INTRODUCTION 
In 1he foothills of the intermountain region of the 
western U .S .A. range improvement over the lut 3 
decades ha. been dTected by during sagebrush and 
juniper (Arumisia spp . andj1Ut1~ 1pp.) and establishing 
fields of introduaed grasses, cbiefly crested wheatgra.ss 
(Agropyrrm crul4t""' [ L. J GM:rtn . ), with higher forage pro-
duction and greater tolerance to defoliation than native 
gr use, ( Cook I 966). 
The present study on pwit rapome to cattle gruing is 
pan of an interdooplinary ruearch prognm exploring 
the potential for increaaing the productivity and utiliu· 
tion of foothill rangu . Thete rangu provide critical 
forage for livtttoclt and wildlife from the end of winter un· 
ti! melting snow permits access to high mountain 
pastures . In order to undcntand the im~ of ckfoliation 
8. £ . N- u a A,_,.,.,.,_.,.. l' .S. fa/to-;,• R,-11 T«Juun.o 
;. ,.., o.,.,- •I~ s...- .J uw .- u-.;,, . 7li,,.,.. u .... . 
,.,...,_ •f * n.,-,- .JR- s.,,_-' ti,, AinnJt-1 ~ s.,. 
,_ (,,..,.. 1 n ! ef u,- s.... u._,.., _ 
on the forage resource it is necessary first of all to describe 
the defoliation activity on the buis of the plant - 1.e. , 
What is the likelihood that an individual plant will be 
grazed under a particular stocking rate for a panicular 
duration' What is the probability of a plant 's experiencing 
defoliation more than once' How much of the plant is 
likely to be harvested at each defoliation event' 
Several worken hav" =ined patterns of defoliation 
by sheep (Hodg,on and Ollerenshaw 1969, Grc,:nwood 
and Arnold 1968, Morris 1969, Hodgkinson 1980) , bur , 
apart from Gammon and Roberts' ( 1978) work in Zim · 
babwe, little attention hu been given to the spatial and 
temporal impact of gruing by cattle on the plant or tiller 
level. 
In the semiarid foothill environment it is possible to 
analyze patterns of defoliation on an individual-plant 
basis since the basal area is low (10% or less) and plants 
att easily distinguished, in rontrast to those in a t"mper· 
ate grusland sward (Monis 1969) . n,., experimental 
d"sign consisted of permanent plots that were visited 
regularly during a normal early-summer grazing ..,ason 
for cattle. 
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METHODS 
The s1udy was condul' tc-d in t'arly spring 1979 on 
cre,ied wheatgrass pasture, in foothill rangeland ( 1,830 
rn) manaK«J by the Bureau of Land Manag<ement (U .S 
Dcpanment of Interior). The area lies about 8 km 
southwe,i of Eureka, Utah, on the lower slopc,t of a broad 
alluvial plain characterized by mollisol, and uidisol, . The 
3nnuaJ prc:cipitat>on averages :l20 mm , fa.Hing r.,o,ily in 
winter and spring (Cook 1966). In the 1950s much of the 
native vegetation, dominated by sagebru,h and juniper, 
was cleued, and 24 improved ~tun,s were atablished 
wtth better forage grasses, chiefly Ag,ofJJ'"ffl spp . Two of 
the 28-ha pasture, selected for the present study now con· 
si,i of almost pure stands of crested whcatgT&ss. 
Each pasture, 800 • 350 m, was divided into three 
equa.J zone, approximately 270 m wide, and ~n sam · 
piing grids were randomly located in each zone . A grid 
consisted of a 5 x +-m matrix , with the comer, of each 
square meter marked by +·i nch nail, with painted flat -
head, driven a.Jmost flush with the soil ,urface. Sampling 
gr ids could be relocated by 1wo peg, placed in line at each 
end of th e western edg,e of 1he grid, but at least 5 m 
remo ved from it; 1hc peg, also gave the grid an orienta· 
flon. From the 20 squares in a grid, 7 were randomly 
chos en for study plots, giving a 101a.J of 147 plots/pasture . 
Each square plo1 of0 .5 m' overlapped the bottom left cor· 
ncr of its respttt1ve square m in the sampling grid , and 
the plot comers were similarly marked with flathead nails 
painted a different color. The use of inconspicuous nails 
rather than peg, was intended to avoid any interference 
with cattle grazing behavior . 
At the end of May the basal outlines of all perennial 
grass plants on the study plou were mapped, and plant 
heights were recorded. Ungnzed plant heights were 
remeasured halfway through the study . Thirty-one heifers 
were introduced into each ~ture on 31 May; they re· 
mained until 10 July . Defoliation was recorded by 
inspecting each plot every second day for 6 Wttiu, mark · 
ing on the plot maps which pan of a plant lwl been 
grazed, and noting the 1tu~ height after grazing. The,c, 
data a.Jlowed calcula.tion of cover area grazed and plant 
vo lume removed . for pur-po9e1 of analysis, any gnzing 
activity observed at the end of the 2-day interval between 
inspections was designated as one gnzing event, even 
though the same plant could conceivably have been 
grazed more than once in that period. 
RESULTS 
Plants were assigned to arbitrary 1ize cJ.uoa defined in 
1erms of basal area (Table I) . The distribution of plants 
among the size cluaes wu aimil&r in the 2 replicates. The 
total number of planu did not differ grc.ady between 
pastures ; about three-fourth, of the plant• were 50 on• in 
area or smaller. The pasture with lest available forage wu 
grazed more intcnsiv-,ly than the other, 76.4% of the 
plants being defoliated vs. 60 .2%, but the di11ribu1ion of 
grazed plants among the size claucs matched quite 
T abi,e 1. Number of plants In both pastures, tt\elr dlsttibution 
among size cl asses. and the prO()Ortk>n oraz~ In each cl•as . 
Nvmo.r PtHcent 
ol grazed 
pl•nts In 
Size class In bolfl Olatrlb. size 
(cm' t>as•I •r••J pastures (%) class 
<0 .5 445 9.6 40.0 
O.S-10 1496 32.1 59.0 
11-50 1519 33.9 76.3 
51-100 491 10.6 63.1 
101·200 357 7.7 ~ -6 
201-300 140 3.0 87 .9 
30HOO 61 1.3 85.2 
401-500 38 0.8 73.7 
>500 48 1.0 81.2 
To1al •655 69.3 
closdy . For these re.uons the data from both pastures 
were combinted by size classes for purposes of analysis. 
Overall, almost 70% of the planu received some degree 
of grazing pressure, the remainder being untouched over 
the 6-weck period . A chi-square test (a.;; 0 .05) of grazing 
occurrence, ignoring magni1udc of defoliation, indicated 
th.al th<:re was a grazing prefcrena, for size classes with 11 
thrcugh +oo cm' basal area . The probability of a plant 's 
being grazed more than once wu directly propor1ional to 
plant size . Of a.JI the plants defoliated , only 16.6% were 
grazed more than once: H .4% wen, grazed twice, 1.9% 
three times, 0 .3% four times, and one plant was grazed 
five times . 
Although larg,:r pl.ants we.-.: more likely to be grazed 
more than once, the severity of defoliation was invcncly 
related to plant siu. Whereas a single grazing event on 
small plants (.;; l O cm 2 area) left an average stubble height 
of about 9 cm and affected more than 9•% of the plant 
cover, the largest size class retained 21 cm stubble, and 
only 31 % of the cover wu grazed (Table 2). If defoliation 
is expressed in terms of harvested volume, grued plants 
in the small size classes again lost the most volume and the 
largest class the least. 
The wt two columns in Table 2 compare the distribu-
tion of available forage (by volume) among the size classes 
with the distribution of harvc.ted forage. The fo~ wu 
harvested in propor1ion greater than iu availability from 
plants up 10 200 cm 2 in bual area; thereafter, the grazing 
pressure wu proponioruitcly lcu, with the largest plants 
being spared the most. 1be range of prefe.-.:ncc e&n 
therefore be reduced to a aiu diatribution of 11 to 200 cm I 
(3.8 10 16 cm in diameter). 
OISCUSSfON 
Of the total plant population (•,566 planu) cx.amined 
in this study, only 11.2'.!I, wu grazed in more than one 
2-day period (16 .6% of all grazed plan11). Thete data 
suppor1 the use of the propcmion of grazed plants as an in· 
dex of utiliuuion (Charlton 1968, Schmutz ct al. 1963, 
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Table 2. Impact of grazing by size class In tenna of plant cove, , stubble height rema ining, and plant volume (both pastures com· 
blned). 
Aver•r;• stuobi. 
Aver•gtt 'I, cover A-erar;e Ill (cm) r•maln lr.r; Percent of Pt1rc~nt distr i- Percent d tst rt· 
rmpactedlplant plant on a r;razed to te/ plant Oution ol •v•il · OutJon of har · 
S11t1 ct•ss at e•ch gr•zing h.ir;hl patch alle, .. ch 'IOlume har- aoi. 10,ar;" "asted forape 
(cm' basal arHJ •v,ent. (cm} r;razlnr; evenr' VflSle<! volum• volume • • 
<0.5 99.2 (%-0.9) a 12.7 9.2 (,-0.6) a 56.5 0.05 0.06 
0.6-10 94.4 (1:1.1) b 15.6 9.0 ("'1.3) a 60.5 1.48 1.95 
11-50 83.2 (1:U) c 17.9 10.3 (.-0.3) b 55.9 11.75 14.25 
51·100 71.3 (1:2.6) d 20.8 11.5 (.-0.5) c 54.6 9.16 10.85 
101-200 61.5 (,:2.9) e 22.6 13.5 (:t-0.7) d ~9.4 22.05 23.EJ 
201.JOO 45.9 (±3.9) fg 26.3 15.3 (:1:1.0) e 4-4.6 17.43 16.86 
301~ 41.4 (~ .1) h 27.5 16.4 (,:1 .8) e 41.1 10.SO 9.62 
401-500 43.0 (%8.0) gh 26.9 16.2 (:t1.9) e 43.0 7.32 6.83 
>500 31.0 (~ .9) I 33.1 21.0 (:t2.2) f 36.9 19.96 15.97 
• Standard errors In parentheses. NumO.ra followed by the ume letter In the column are not algnlflcantly different (p<0.05). 
'' Overall ullllzatlon It '6% of total available forage , by volume. 
and othen) , .at least for a relativdy monospecific com · 
munity. 
At the end of the grazing treatment the general .aspect 
of both pastures wa.s dominated by the large crested 
whea 1grass plants, which made up only 1 % of 1he plant 
population . This group .appcattd to have a significantly 
higher density of item and foliage than the smaller plants, 
and therefore they prob.ably carried a greater share of the 
avail.able forage biom.as• and contributed a larger propor-
tio n of the harvested biomass than the percentages by 
volume in Table 2 would suggest. Nevertheless , these 
large plants were h.ardly affected by grazing. At an 
average defoliation event, 31 % of the horizontal cover 
w.as grazed to .a stubble height of 21 cm ( reduced by a 
third) , while multiple grazing, late in the study were 
mostly on infloresce nces , and altogether only 37% of the 
plant volume w.as harvested, leaving considerable shoot 
material and seed for regrowth and regeneration . In con-
tr.ast, the aver.age small plant up to 50 cm• in b.asal anea 
(thrcc-q uanen of the total plant population) h.ad its 
height reduced by 40% over 90% of its canopy an,a at 
each defoliation event. Altogether it lost 58 % of the shoot 
vo lume. Total pasture utilization wu 46% by volume. 
Plants grazed in the smallest size clus ( < 0. 5 cm') had 
the top ponion of their shoot system removed as if clipped 
but -re not closdy grazed; the average stubble height 
wu 9.2 cm . Thia dasa also had the largest proponion of 
plant• no< grazed .at all (60% ). One can auume th.at, in 
company with the very lar~ plants, the accdlings and 
juvenile plant popu1&1ion1 arc relatively protected from 
anlc grazing impact at the normal stocking rate impoacd. 
The pattern of defoliation encountered in thia study 
complemen11 the argumen11 of Spcdding ( J 965) that 
challcn~ the use of clipping treatmenll 10 simulate graz· 
ing, eapecially when all 1hoo1 growth is clipped to pre-
scribed heights . The di!Terential grazing pressure ob-
served in relation to plant size d.asocs le.ads to questions .as 
to the value of procedures that rely on weight di!Terences 
to measure utiliz.a.cion , as is done with cages , und<:r the 
conservative normal grazing regime . As <he grazing 
period proceeds , an incrc.asing proportion of the biomass 
left outside the cage will be contributed by the large wolf 
plants, and true utilization of plants of the preferred srzc 
classes will be underestimated . 
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ABSTRACT: Utlllaattoa of creat.ed vbeat.cr••• oa • 
plao.t-by~UQt beaia we• at:udl•d uetq blllfera for • 
•lx-veek araalac period oa footblll r••1•l.a•d ta 
Utab •••d•d al•o•t" 30 ye.are pre•toualy. na. cattle 
preferred ••dlu•-ataad !laatl vttb N .. l ar••• 
ra a.cta1 fro• 11 to 200 c• • s .. 11ar plactu Neeed 
•ore likely to b• d•••&•d by traaplta.c tb.la by 
dafol 1attoa.. Larger plaat1 coatrtb11tad relatt•ely 
l ••• to forage hian-aac.d, r-ecal•tac 10•• protectioa. 
troa 1raatac due to tbe pbyatcal l•p•dlaaat of 
1taadta1 1talll.1 froa old l11floreaca11cea. l'taay 
plaata were not craaad at all (20 ,-rcaat of pl.Aau 
vltb b11al ar111:1 latc•r tbaa 10 ce2) . tba 
probability of ra1ra1ta1 vaa low 0••• tbaa 17 
p,4:rce.at) aad •01c of it occurred after tbe ftr·•t tvo 
week• of 1ras101. le1r•stac v•• coa.ceott'•ted oo 
plaat1 lightly craaed •t ftr1t aa.d oa. porttoa.1 oot 
pu:-.1ou1ly atiltsed. Tbere va• •• obNcwble cbaa.c• 
10. tbe cb.a~acter of ,r•11la1 l•pacu darta1 tbe 
cr1ata1 ••••oa. Tb• au•b•r of •••11 pl•a.t1 
defoliated lo• tvo-d.y period lacr••••d 1tead1ly 
tor tbe ftr1t tvo vaelta aod tbea r1ptdly decllaed , 
reflact.iq aa apper•at 1b1ft la crastac Nba•tor . 
lt<nO DOCT!ON 
CoaYerttac uaU•• raac• ••c•tA.tioo to cre•tA:d 
wbu ccra•• pe;1b.lre1 ba1 Mea tat Mjor 1ucce11 1tor, 
ot r•o&• 1•pro•••••t oa tbe C.raat Plalo1 aad 
lataraouotala racloa.1 of llortll Aaerlu (llolocbek 
1981 ). Piao, lad tceoout forac• 1pecle1, 11peci.ally 
buacbar•••••, ba•• a low tolereac• of. 11•••tock 
1ra1ta1 aad ct•• way to l••• pal.a cable voo4y 1,eci•• 
,ad exotic Vffd7 antMla. 
l.Dtrod..ce4 froe Eerael&, cr .. tl04 ·-qraH lly 
coapartaoa exbt,1t1 raaarlLabl• per1t1uace ••d•r 
cra1ta1 pr••••r• ••• la aclapte4 to • cold 
coa.tlaeeul cllaata vlU1 4ry •••••r•. It Mel•• 
1prt•c arowt.b early, raacba1 -tartty la Juae, 
1ocar1 • poat-c-eprNuct1" doruacy aacl tMa reauae1 
I. I. llor toa ••• Pa trlcla s. Jo~•••• • r1 11 
ra1pactl••lJ, Aaaocl•t• Prof••••r aad laaaarcb 
A11oc late. laac• Sciaac• O.par taao c. G tab Sta ta 
Dlltnr1tc,, Lo&••· 
27~ 
1rovtJa tollovta1 fall rata,. tbl1 1rovtJI patter11 
1upplla1 bicbly autrttlou1 fora1• at• critical 
perio4 for raocber1 wbo a.ed to •OY• U..ir ll•••t.oc.k 
ott co1tl7 vtat.ar 1appl•••au oato 1priq pe1tur1•, 
1valt101 1cee11 to aoeamta raac•• (Cook. 1ad Yarri1 
19,2, rrt1cbaecbt aad 11.arrl, 1961) . Tbe •tock. caa 
retuna to wbaat1ra11 pa1tura1 ta tbe tall aad 
coattau• 1r .. 1ta1 tbaa la.to O.caaber lt 111ov deptb 
p.nlte (llerrl• •• al. 1968). 
Cra1tad wbaatcr••• pa1tYtlt require • 
1ub1taat1al iaY11ta1at tor tlte prap1r1t1oa •ad 
1taod 11taltll1t.ao~ bat tblJ cao ba aatatataed tor 
decade, under proper Maag•••a t. la order to .. ca 
tbe beet 11•• of tbe abaadaac bot 1x.paa1l•• 1ra11 
1rowa in • cr11tad wbeat1r••• pa1tur1 lt ta 
t•portaat to kaov bow for•c• raao•al tap1ct1 the 
foirac• re,oarca. EYeo 1a aa elaoet aoa.ocyplc 1tatMI, 
•• cn1tad wbe&taira1a p11aare1 oft.ea are, llv11tock 
appear to 1xarcl1a 1al1ctl•tty la defoltatloa, 
1 .. •tac 10N port1oa1 of die pa, tun aoN biea•tly 
u11d tbaa otbar1. Tbi1 11 ao1t apparaat wbaa 
pa1aar11 1r1 ans.ad coat1a111ou1ly to• oodarate l•••l 
ot utlllaatloa tor tb• eatlre ara&lac 1aa1oa, aad 
wt..11 tbere 1• a relatl••lJ lar1• ouabar of ·volt• 
plaau preHat - l.arca plaau tbllt r1ra1a u. old 
1talk.1 of flow1rta1 c111la1 fro• year to year. The 
cban.ctar of 1ra1lq lap,acta -, cbaa.c• darlac the 
cnalac ... ,oo •• tbe fonc• oa offer 11 4aplata4 of 
tbe aore pNferrad u tarUl all4 •• tba ll•••tock are 
pN ... tad vi t.b all o,por amt ty to c.oaa11.aa NICOii t.b oa 
pr••t..0111117 dafoliatad plaata. t.t1aate, of 1ro•1 
•tlllaatloa do aot pro•lde ,ut.t.lctaat detail. Wa 
are t..aura1t1d la aa.ewarta1 1•••tloa1 1111.a: 11 
1rastac raado• or ••tforat 11 titer• a 1ra1ta1 
pr•f•raace for cart.ala Ir.lad.a of plaat1 vitbia t.N 
•••• 1pacta1 aad, if 10, wbat plaet or pa1t•r• 
cbaracterl1tlc1 are correlated vltb 1pparaat 
pr1f1raace1t What ta tba probeb111ty tbat plaat• 
will~ ra1raaad durlac tba 1raatoc 1aa1oat How 
of tea w Ill <lMy be recrue4t i. Ncraaiac llkely co 
occur oa par ta of tba plaa t t.ba t ware pra•tov•ly 
defoll&ted! 
la order co de,cribe defoliatioo et till• lnel 
ot ,,..,1uc1 c:, l t le aece••ry co ohe"11 1a41'rl<l•l 
plaau la a 1r•••4 pa1tar• oa a ra1r,lar Mat,. Not 
1ar,rt1lacl1, 11••• tM effort ra1alrad to collect 
1ucb data aDd tb• dlt.flc•ltla• of. auly1la , tbe 
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1v•llabl• tafor•atioa oa thi• 1ubjc.ct l• vc.cy 
ll•lted. Nor• ,tudi•• h••• beeo repor-ted oa 
pattenu of detoliatioa by •h••P (•·&·, Hod1100 aod 
Ollereoahaw 1969, Cre•awood aad Ar-nold 1968 , 
Hodgkloaoa 1980) tban cattle (e.g ., C..•aoo aad 
loberu 1978), aad aothlac at ttMI d•t.all addr••••d 
h.c• r., beaa atc..•pted "ltb cattle gcaatac creat.c:d 
wh4at1r•••, apar-t fro• work doaa by the author, 
(Nortoa aad Job1uoa 191)). Tba preaaat paper la 
c oaceraad vitb tb4 plaat co•poaaat at tba plaot-
a:..leal totacfac• la cnalag of CNated wblltat.1n•• by 
c.a ttle. 
RLSLUCII AHA A!ID T?CIIN!QU tS 
Created "ha.al.In•• pa1tuca1 at UM Tlatlc It.a.age 
k••••rch Statloa aear Euraiua , tlt.Ab, "•r• •••d•d ta 
t ba early 19.50'•· S•••r a l of tb••· ! ac 1 ud 1ac 
pa1tuc•• 8 ead 19 "bar• o ur crastc etudy va, 
c onducted, rat.ala ,a t1lao1t para otAnd ct cre,tad 
"1baat1rae1 ( Agroprroa da1artorua} wltb tba 
rbt&o•a tou1 oa th·a vaa taco "lhaa "raaa (A5ropzroa 
•• 1 tbt 1) coo. trt bu Uas tba •laor 1r••• coapooaa t.. 
~ad raemaau of juaipat occur ta pa1cura 8. 
a.,ta blc sa1a\rt.11b (Arta•l•l• trldaat.au ••P· 
trl daat.au) co••r•d tb••• fo«Hhlll raagea prior to 
cl .. ri.J:i4 t.be .... ,.cauoe la. prepo11rat1oa for Medlq .. 
lt 11 aow r••PP••ria.& , but aot r•t la. auf!tc i eat 
qu.aatity ia paaturea a ead 19 to aubat.aa.tially 
1oflueac.e created 11beatcr••• product.ioa... 
Tba Tia.Uc r~nMrcb po111tur•• pro.id• aprlaa aod 
1uaaeC' forage for Aagu• halfara. TradS.tluaal 
ua.ag•••at bla bieea to 1nca .. cb 24-bm ~at1't• tor 
dx to etcbt veaka 111 t.b 30 baitera aad tvo bu.11• ta 
acbt••• • t l••• t ) 0 percaa t tora1• att111• t io a, 
11,uallt •ore. Uader a rot.at1oaal 1raata.1 •Y•t••, 
•acb •• ,bort-durattoa 1ra11ag Hlias taatad la• 
c o•paatoa 1tudy, Lt ••Y be po11tbl• i:o !•pro•• 
efficteacy of tora1• atlliaattoa aod tacr•••• 
li•altOCk. prodacttoa. But la order to deacribe 
cbaas•• ta pa1t11ra etlltaattoa 4•• to rotatioa.al 
craclag oaa •••t tir1t uadarataGd th• aature of 
defol1..at1oe m.d•r cootiauoua 1raata1, ta t.bta ca•• 
c oatlauoua 1caala1 for a six to et1bt-11eek period . 
Tb• lafor•attoa oa 1raata1 reported liar• "•• 
de•alo5>4d aa pert of a ba1a..lia• 1tlldy of t.ndltloa.al 
paature ••o.ac••••t to ••r•• •• a ratareaca ta. the 
eTalua tioa of rotaUoaal 1nata1 1cbeees. 
"••rly 300 peraaaaot plot• (o .. , •2) tm tb• tvo 
paatar•• ware taapected ••ar7 aecoad day tor six 
weak.a Mct•l•C PleJ ll. 1979 11tNo UN betfara "ara 
ta trodocad. lhldaace of 1rasta1 waa racord•d 011 • 
plaat - by-,laat ~••l• aott•c tba atubbl• bal&bt of 
t.ba anwd port1N allilll t.M aru. of dafo11ace4 crowa 
ccwar. latt.t..al plaat balcbt.a w•r• urta4 oa beMl 
outliD.al of ,.,aaatal sr••• plaota drawa oa plot 
upa; .mcra..ct plaat bei&.bU var• r, ... aared beltway 
tbroucb tba atudy. Tb• toe.al ou•bac of plaata 
... ,1.d .... 4,566.. 
USOLTS 
Siu Cluo OUllratloe 
A. braek.dova of tba plaot populatto• by ataa 
arltt trery aiaa cl••••• appaera ta Plc•r• I.. Tb• 
•••llaat plaat1 were ao•••bat a•clacte4 by tb, 
c.ottlo. Ody ~ percot1t ot puau 1111 tball O.~ <• 
be•l aNa, aod ,, perceat ot pt.au vttb beNl araa 
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b4!: tve•o O.~ •od 10 c• 2 , wee• sraaad to •ar dace••· 
Th4•• two •••lla1t 1ha cl.a•••• coouioad 42 p,arceot 
ot the auabar of plaau •••pled but together 
repre••aUd ooly 1., pac c eat of the •••ilable 
for•c•, calc.ula tad oa • •oluea baai1, aod 
coattlbated 0017 2. 0 percent of bar•aated forac•. 
The •••nc• plaat 'ial Dibbled dova fro• • be11t1t of 
15 ca to 9 ca. T'be ••rJ •••lla••• of l.be .. craatad 
wheat.cc••• pleat.A, their ob1curlty lo tba forac1ag 
aa•lrOQ•aa.t of 1n1ta1 ca tt.le , ap~r, to coater a 
degree of protactioa. fro• defoliatioa.. Such seall 
p l aata ar• probabl y d•••c•d •or• by li•••tocll 
traapltoc Chea by dafolt..at.ioa. 
Pleau larcQr t h.an 10 ca2 b.iaal al ·•• \l'al 41 a o r• 
l11l aly to ba 1raud, aa 80 parcaat pcobablllty over 
tba 11:1:-,,aa:II. ~clod.. It le pa r bap1 curprieiq U. t 
oae flftb of all plaata of 11 c•2 baaal area or 
l.ac1•r l all•d to aq>arlaac• obaervabl• detolia ttoa 
"lbila )2 cattle 1p,aat six "••U roaata..c a peatun of 
28 b.a! S•••rlty o f 1rasia1 l•pact va1 io•ar,ely 
related to pleat ,t,e. era.tad plaau wttb • b.aaal 
acaa fro• 11 to 50 ca, tb• aajor aroup aaoac th••• 
larsar ,tea cl•••••, vara reduced fro• aa •••r•s• 
baigbt of 18 c• to 10 c•, aad aa •••r•s• 131: of the 
c rovo cOYar waa dafoliata4. 
La. cootraat.. cn••d pUn u ta tba Lare•• t cl.a•• 
of ) )00 c• 2 b.aaal acaa , vblcb tacludad tba volt 
plaou, ratatoad a 21 c• stubble fro• •a 1ait1al 
a•eraca b•icbt of JJ ca, ead oalr aa •••r•&• 31 
pal:'caat of the crovo ar .. waa 1n1ed. The•• larce•t 
plaata, altboucb •aktac up oaly 1 percent of tb• 
tot.al pleat pop!Ll.a Uoo, coaprl &ad 20 parceo t ot tbt 
tota l an.U..able fon1• aad c:oatrlbuted 16 percent of 
tba f oC11ga ti.CY•• ted . 
AA additloaal ... ,un of •• l act1•• 1r11:Ul1 va, 
calculated by co•parta1 tba parceat of •••ilabl• 
toe•&• l a eacb ai&a cl••• wl tb tbe rel• ti•• 
c oqt ri battoa to b.a~••tad foc•c•, all oa • forace 
•olu•• be ala. Tba c-.11"1 t• la r11ure 2 ladic.a te tba t 
U•eatod "•r• placto1 tba sraateet 1n1ia.c pre11ura 
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Ptcun 1 .. -01,trlb•Uoa ot plaota ••Pl•d accordi.Ac 
to alsa cl••••• · Tb• ao11d portloa ot aacb bar 
rape••• u tba mvaNr ot plaa u tu. t waca 1rasff to 
aay da~rea dur1ac tbe dx-veak. cnalq period .. 
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Fleur• 2.-Perc•at ot eY•tl.able tone• la MCb du 
cl••• relat1•• to perceat of tores• coo1u••d tro• 
t.he 1111 cl.au . forage aaouau were calculac..d la 
tet"9• of volu .. . 
oa ••dlua-1l11d cr11ted vbeatcr••• plant•. tbo•• 
vltb ba1al 1r1a1 fro• jl to 200 ca2. Por aa..t.aple, 
plaat1 la the 11-50 ca baeal are, cla11 coa.ulaecl 
ll.75 perc,ut ol the total •••lilble !one•, but tbe 
hil1f1r1 took froa tha1e plaat.1 14.25 peccnt ot vbAt 
tbey barv1at1d oYerall. Altog1tb1r tb• plaat1 la 
thlt a1dlu•-1i11d croup coatrlbuud 49 p1rc1at of 
tbe forage coa1ua1d fro• ,a offerta.c of 4) perc1at 
ot tbl forac• ••all.able. 
Wolf Pl.Ao u 
Tb• relative a1gl1ct of tbe lair111t plaat1 
r 1qulr11 explaaatloa. \Jolt pl1at1 carry a 
1ub1taaU.l aaouat of 1taadlQ& atal&a left 0¥1r froa 
tb1 cula1 of old 1atlore1ceac••· Thi• re1idul 
1tr1v could coa1titute • pby1lcal 1•p•diaeat to 
li•••toclt 1raala1 (Wlll•• •t 11. 1910) aad det•r 
berbl•ory. Tbia b7pot.b11i1 "•• te1te4 by co•peria1 
1r11ia1 iapact oa plaau vltb aad without o••r-
viatar 1t.allta. Prior to 1prta1 arastac I auaber ot 
aatcbld pair• ot plea.ta vith huiyY o.er ..... tatar amlk 
1ccwaul1tioa1 "'re ldaatlfied aa.d ft"oe a nadoely 
c bo .. a •••ber of -ch pair tbe I talk• V4t"I t"e•ov•d 
by bead. A• pr1Ylou1ly rapot"t•d by Mortoa at al. 
(198l) pl1at1 without 1taadia1 atrav var• arasad 
eot"e. Tb.• 1ap1di•111t ot 1t.allt1 lacr111ed vltil 
lacr11ata1 plaat •1••, aad tha taflueace of old 
cul•• oa 1raata1 wa, •01t pt"omouacff la •rly 1priq 
nd decll .. d wltll tile rhlq crowtll of oew foll.ap 
(J obaao• aad Mortoa, •••••crlpt 1ubaittad). Va 
coa.c.lUl'M tbll t wber•.-er taar• 11 •od•n te 111tili&a tioa 
o t ere a tad w bea tc ra11 uadar coa t.1a11CM11 ... ,oo-loac 
~••, aoa .. tfor• 1r1aia1 will allow a r•aidue of 
flowertac emllu to be carriff lato CAI viatet" ••d 
io.lUar.o or eac.erti.r.o tile Mlf~rpetuaUac problH 
of wolf plaata. Lare• plaa.u ••clacud oae 1••r 
will ia.d to be uclacted the uxt, 1114 ao w. 
T-• data oa lacld111ca of r11ra1t.a1 v1r1 
••••,.cud. Of all plaac.. tbat vera 1raaad dariac 
t.H 1t111dy, o•ly 16., parcaat v1r1 r•ct"aaed. Of all 
t!ao•• tbe t were r11raaad, a,., pare•• t were er•••• 
tvtca ••d 11.4 p•rceat were araaad t!ar•• U•••· 
O.ly 11 plaau la tbe wbol• 1tvdy v•r• cr•••4 aor1 
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t.Ma lb.re• ti•••· If coo.ttauoua ...,,oa-1001 &A•ia1 
h&a • detrteeatal l•p•ct lt 11 aot llltely to be 
c1u1ed by repeated 1raala1 oa preferred plaau, at 
1-•t wlthla the •••• graalaa 11a1oa. AAalrli• of 
da u !t"o• tbe •••• plota tro• 1ubse41uaat year,, 
,till laco•plete et thi1 ti••, wlll eaabl1 we to 
eddre11 th<I propoa 1 tloa tM t 1ay daa.aar ot p,e I t:ut"• 
datat"lontioo (ro• cootiououa inalag ta eore Ult.ely 
du• to cepeeted datoll•ttoa of the Hae pleats Ot" 
p1tcbe1 of pl•aU 711c a f ter r••c or 1aa1oa a(Ut" 
aeaaoa , rather tb.aa the c11ult of cec,cat•d 1u,atn1 
~•c UM ahort tAt"• • 
Tht follovlsic aaalrai• of u1r1&ia1 waa coot toed 
to pl•ata of at leaat lOl 4=•2 b.aaal a r ea, h,ra• 
,aoucb tor• Nlfat" to dl1crl1iut1 betweea tbe 
llllgnsad u1d pre•ioualr ccaaed por tloaa. E•1deace 
of r11r1ata1 vea aot apparea.t uatil tA• eettl• bad 
Mee la t.be pe.aaarea tot" 8 dare. O.er 90 p,et"eeat of 
r11r11tac occwrt"1d attar the flr•t 14 day, of u11 . 
Tb• cattle did a.ot prefer' to raat"ac• plaau that 
wera aor1 1xt1aatvely defollat•d at tbe flrat 
crastac. Pl.aata arased j uat ooc• t.4 oo averac• 66 
perceat of tbelr crowa co••r defoliated aad "•r• 
reduced to a 1tubb l e of 16 c•. t.ecnsad pl.eat.a t.d 
oa •••nc• 48 perca•t ot tbalr crowa ca.er affecud 
at tDI tir1t cnslac •••at wltb a t"1 .. 1ata1 acubble 
of 15 c1 . The 11coad 1r11:ta1 •••at defoliated 49 
perceat of crowa co••r oa •••r•1• wtth 1tub~l• 
belcht •cal1l • t l) ce. Tb• ••coad 1re1:lo1 
o•arlappad tbe flt"1t oaly l2 perceat of tbe ti••, 
aad wbere overl•p occut"r•d 0011 44 pet"caat of tbe 
~t"011111 C:OYet VII IUbl•C tad to two defolla Uoaa. WMa 
the•• data 1t"1 related to tbe low probebilttr of a 
pleat belDC t"ICt"•••d, there "•• ob•tou1l1 oaly l11bt 
ara&lac prea,ut"e oo regrov tb.. Oo tbe otbar bead, 
tba 1tuclJ waa c:oaduci.d la urly 1u•••r vbea rate of 
ncrow tD af tac defolia t.100 wa1 •ucb dover t.bea to 
lpC'1ac, 10 tba t tbere ••r ba•• beeo l••• 1rov th oa 
1raNd portloaa tbil.11 if t.bt cna t.oc bad occurred ta 
lat• April Ot" f'f•J· It 11 al10 pt"obabl• tba t 
repeated crastoc aad defoliattoo of pre•iou1ly 
,n .. d portiOIU would ha•• beeG eOt"I NTlt"I if tbl 
o.-erall ut111uUoa of tba two paatur•• at t.be cad 
of tb• 1 tudy bacl beea er•• ter tbao tb• eodet"a t• SO 
parcea t l•••l acbl•••d . 
Plao t 0•• Tbroqb Tl•• 
•• tba cra,tac 111,00 pro1re11ad, tb• total 
aaeber of pleat• dafollatad (to any decree) ta a 
tv01&7 period I t.adily t"o11 to • uxiaua of 1leo1 t 
450 (aboat 10 percaat of tbe •••Pl• populattoa) at 
16 .i.,a of cra1lq Hd U>ea .S.clloed u 1teepl1 for 
tm ... , 8 da71, ftaally l•••lltoc out at aro.ad 200 
plao.to per two da11 ot crulo.c (Flcure J), Tbe 
1bap1 of tbla cur.-1 ta dae aleo1t 1atlral1 to tbe 
pettarw of · utiliuttoa of tbe .. ,llct" pl.aau, a, to 
100 ca2 ba1al area. Nedl1i1•-ai1ed pleat,, 100-JOO 
c•2 baaal area, axblblt • falat acbo of tbe treed, 
but at tbe peak oaly 50 of tbete plaata ware betac 
1r1&14 ... ry two da71. Tbt11 p1 ttacaa could reflect 
•• 1s,lontory pt.11 of cnalcac bebl•lor la1t1a.a for 
two 111111.1, 4.uctoc wblcb U•• tbe larc•r aad aot"e 
rMdUy acc.a11lbla •••ber1 of tba •••11 1l&a cla11 
ware ••l•ctad. Tbea• data do i:aot provide a ••lf-
••ldeat baba.-toral axplaaatloa. lt ta clear fro• 
Pla•r• J, bove.-er, tbat for lb• flrat 16 day1 of 
crastaa the barb•c• coa,u••d va, coatac fro••• 
Ulcr .. 1lqly laraer auaber ot pl.aau, alaoat all of 
Chia ,1.aac.a aot pt"1•iou1l7 erased . 
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Pl1ar• l.-Nu•b•r ot plaau. la l 1ise cl•••••, 1ra1ed to eay dear•• la 2-day 
1nz1ua period•. 
DISOJSS!OII 
Tbia ra tber auparflclal, till&l•-••••o• 
la•attlcattoa of defoliattoa eat out to aa,war 
qua1tto1u about tba dyuaalc1 of catt.l.• 1ra1tac 
CNttad wbutcn•• cder cradtttoul uaac•••t OQ 
Otab'a foothill rau1•a. We d1acOYare4 diet ,rad.AC 
ta 11ot • raDdo• proce11 aad. that ut111uc:1oa ta far 
fro• ualfora. l'ledlua-,i&ad plaau war• pnfarrN 
n.r attber 1ull or lar1• pt.au; t.be proportiOll of 
fon1a tbey coatrtbutad to co111uapUoa wea 111 cac.eaa 
of t.betr proportioa of total for•c• oo offer. The 
cattle ap,...rad to •••k out •••11 pluau for tbe 
ftrat 16 d.aya of tbe cnatna ... ,oa. 11ow .. r. 
Tbe probeblllty ot a pla .Dt NlDI arua4 at all 
ta ,ts weak•••• HlJ 6t.l perceat~ t.hi• lacr••••d 
to 10 percaat ior pl.Aata vbic:b llad a w .. 1 •ru of 
at laut II c• • Tiie pro'1a'1Uty ot a en- Jla•t 
MlDC Mfolla ca4 •calo. to ODJ ... r .. , .... ....i., a., 
p•rceet, ••4 aearly nine o•t of tea of tlll••• 
repM u4 1ra1i•c• • topped tbere. A ••ry ••all 
pro,ortioa of cra1ed plaat•, 2.2 perceat, waa 
defolia tad tDrae or aora tiaae.. We fo•ad ao 
••tcleaee tbat Ncn•t.ac waa co.cea.craced oa peru of 
t.be plaat tut bad Nea craaad before, altbo•cb we 
••• t ao te t.ba t Ula I tudy waa coadac tad after t.be 
eprtac ,.rtod vlMll rapid acad celastaact.cl raarovdl 
voeld M •&Jee: tad. Parbapa UM ••• t prcr,ac.a t1•• 
poru- ot dlo dala ....... 1a4 cbaDCea ~II ti•• la 
Ula crasiac Hba•tor of ca ttla oa tJMt paeteraa, 
· wllltc:b ral••• a fra1b tat of q11aetiea1 aad 
••der,c:ora1 tbe 11•1tat1oaa of tllla tafor•atioa we 
hl•e pc.Mr.ad 10 far. 
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Appendix F 
Increasing Grazing Efficiency 
on Crested Wheatgrass 
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8 E. NORTON. PS JOHNSON. and M. K. OWENS 
INCREASING GRAZING EFFICIENCY 
ON CRESTED \\'lHEL\TGRASS 
THE FORAGE GRASSES of Ifie 1n1er-
moun1a,n Regt0n, un11ke the,r relatives ,n 
Central Asia . did not e\!Olve under 
persistent graz,ng pressure over 1ne t.ast 
tew ltlousand years . wne,ner 1ti,s 
p,oviieQ<! granted Oy na1ure tlroughl 
atlout an inal>dity to cope wtlh tne 
relat ively recenl encounte, wolh 
domestic hvestocJ<. or whell>er tnese 
grasses lad< the genetic makeup lhat 
would ever perm.t tr,em to adapt to 
heavy u1,11zat10<1 tly sheep and cattle is 
hard to say . Whal we dO know ,s lhal 
wtien the settlers moved 1neor stock 1n 
to 9raze lhe open rarl(}e. 1ne native 
perennial l>unch(}rasses succumOed lo 
1ne herbivorous onslaU9nt. and less 
pa1a1ati1e plants replaced 1nem 
ADout lolly years ago. an e•tra-
ordonary grass was introduced 10 tne 
West lrom Central Asia It ouahl1es as 
e•traora1nary l>eeause ,t tolerates heavy 
9raz1"9 1n early spring wnen 1ne na11ve 
grasses are mos1 susceptoOle to 
aeto1oat1on. and l>ecause ,t tiounces 
oack lrom 9raz1"9 woth v,90rous 
regrOW1h wh ile ,ts 1ndi(}enous coun-
terparts 1omo 1nr0U9h tfie 9row1"9 
season 1n protracted convalescence 
Th,s ernt,c ,mpo<t goes Oy lhe common 
name or crested wneatgrass 
Taxonom,ca11y ,1 has l>ei!n ascr1t>ed 10 
Agropyron dest1r1orum (Fisch .) Schull. 
and Agropyron cristatum (l.) Gaertn .. 
and will prot>al>ly rece,ve a new 
scoen11hc name wnen tne C<Jrrent 
rev,slO<'I of the wnea 19r asses is finally 
COff'Clleted and agreed uoon. The neme 
,s not •moonant ; Oy any name ,t WOUid 
laste as s_, to the cow and provode 
equally sweet assurance to lhe rancher . 
In the annual cycle ot forag ing 
through sea$0<1$ ,n the tntermounuiin 
West . early sor1t19 is a critical tome. Hay 
reserves are dwlndl,ng ; 1he QUahty ol 
the hay ,tsetf is oe1er10tating: and the 
cows are ,n ne«i ol a gOOd teed supply 
to carry them through calving and 
tac1ation . Nothing could 1>e11er helO the 
rancher through th,s period than 
pas1ures of viQ(>fously growing grass 
that is nutrittous and highly d~tttM . 
At th,s ttme of the year . - the deer 
depend on green grass to 1,11 the dietary 
gap l>et-n old l>rowse 1orage. all l>ut 
exhausted . and the toros and browse 
110 v u.,.. SC,lf,-.a 
that come on later in the spring 1 2 En1er 
crested wneatgrass wtth tts tolerance ot 
early soriog grazi"91 
Creeled WMatgniH on the Foolhlll, 
Millions ol acres ol fOOlhtll ranges and 
IOwer moun1ain slooes 1hal were drtlling 
toward dOfflination Oy stagnant stands of 
sagel>(ustl and juniper -re cleared of 
woody vegetation and seeded to cres1ed 
wheatgrass. especially durong tne lilttes 
and sixties . l Environmentatosl concerns 
over such drastic disturbance 10 native 
hal>itats managed to dampen ra~ 
improvement pro,ects ,n tne seventies . 
l>ut such vegetation man,p,;lat ,on has 
proved noc entirely detrimental to 
woldltle. and ,ne two sides are now 
woo1<1ng toward comp,om,se programs 
On tootMI ra"(}es . prec1p11a1,on is h19h 
enou9h to ma1nta,n perennial grass 
pastures a1 a stage ot reasooaOly 
reltal>le pr0duel1vity . yet tt>e eleva1,on ,s 
low enough 10 ensure snowmelt and . 
grass grOWlh 11 the earl iest oooortun,ty 
under local climatic cond1t,ons . 
Cres1ect wtieatgrass seedil'l(}S are a 
prectOUs resource l>ut ,n short supply In 
the 0epa,1ment of Range Sc,ence at 
U1ah Slate un,vers,ty. we beheve !hat 
suOopttmat utihzatton ot these loo th,11 
seedings may l>e a me1or 1im,t,n9 !actor 
tor the prosperoty of livestock ranch•l'l(} 
,n Utah . Al the Tinttc research area near 
Eureka, Ulah . various aspects ot cattle 
grazing are l>eing studied on t 700 acres 
OI se.ded range on BlM land . The 9cia1 
is 10 dewiGP a management strategy 
that will "*• the most ethcoen_t use ot 
cres1ec1 ....,.,grass as early ,n the 
spring season as poss11>te. and yet allow 
sustained p,oouc:1,on and stand per-
s1s1ence. 
S.tecttw Grazing 
For -.i years - studied the 
seedings IUCjec1ecl 10 the traditional 
grazing sysleffl, which at Tintic consists 
OI pulling JO l't4rilets ,n a 7~cre 
PHlure tor 6-8 weeics. The cattle are 
1tlowed 10 tle<;lin grazing in Ntrly to m,o. 
May wfMft IN grass is al>Ou1 6 1nch4ts 
hiQh . n- is enou<,jh forage tnen tor 
al>Out 2 KNIS to suppo,1 a standard 
animal unit 101 one month ut,hzat,on 
averages around SO percenl. 
Surprisil'l(}ly , the cattle proved lo be 
ra1her seleetive grazers . ever, wnen 
crested wfleatgrass was the only kind of 
grass ava1ta1>1e to them . The hrs1 year 01 
the study, 1979. only 60 percent of the 
crcs1ed .. tie .. tgrass plants had been 
grazed to any degree at all in one 
pasture alter six weeks ol grazing' This 
was an extreme case : more usually , a 
quar1er of the plants were untouched 
~OTOS 
1. Seeding with pe<onni.ait gras$4tS co n. 
vens rel.at1vely unptOductrw foothill 
rar,oel.lnd into high quality pastures 
which provHj• fOf'aQe in Nr1y spring at 
a crit1c.al period of the ranch•no 
calendar . 
2. Clos&-up of cattle grazlno grass . 
3. The naturally dominant ~talion on 
millions of acres of Utah ranoe,land is 
sagebrush and junlpe<. Without OC· 
cas10tW1I firet. Mtfft petenn,at grasses 
struggle to maintain a toothOld among 
,nese woody 1peckts . C.,rryino capacity 
tor catlle ,a dramatically Increased by 
cturino ., ... of shrub and seed•no 
with the grazino·to~ant 1n1<oduc~ 
grass, crested wheatgrass. 
4. Grazing Is patelly and u- when a 
pyre 1tand of created -tgrass •• 
modefalety utilized by cattle . In th•• 
caM ltluatrated. the stodting rate was 
about 3 helfen pe< K ... fo, eight daY$ : 
the same pllenomenon occ:,,rs when 
paatur• a,e mo,e tignlly stoctted (2 
Kre, pe< heife<) lo, two months . Many 
plants.,. scateely toucned ..nile 
others are grued quite ,-.;1y . 
5. The pasture on the left (photOQraphed 
Sept.- 1912) was grazed down to 
aoout ao,r, utll&utlon - an etght4ay 
penod during the " boot" in late May, 
ao tl\at young inf~ could be 
n.n...ted. Rep(oductlon wu effec:1o .... 1y 
tetmlnated. Al a mutt. - a good 
rain fell a month later, thll pature 
'"~ "'"" ..ioo,ou, Ngrowth, 
wlllle the paatu,. wtllcfl - to Med 
heel no """"* regrowth at all. Wiien 
created wlleatgraae matu,..4nd Mii 
Med, the foliage heY9 olf and nutr111 .... 
quality ptummetl . The Pf'OCfll o1 
flowenng lnlllalft a ClormanCy In the 
rnt of the plant, wNch ~11 11 from 
making freafl Ngrowtll until the fall . 
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du ring spr ing grJzir,g Another surprise 
was to discover that most of me grazed 
plants were grazed just once .• ft was 
uncommon tor specific plants 10 be 
grazed three times . and only one plant 
1n tour thousand was sub1ected to five 
separate graz ing impacts . A single 
grazing experience for a grass plant 
could mean a nibble along one side of 
the bunch or a few flowering heads 
nipped of!. or ,1 cou ld mean more than 
75 percent of the foliage removed (one 
mouthful in the case of smaller plants) . 
We detected a distinct pattern 10 ltle 
grazrng behavior . Moderate-sized plants 
were more heavily impacted by the 
livestock graz,ng than would have been 
expected from their proportional coo-
lrit>ution to the overall forage available 
,n the pasture . By Observing perma · 
nently mar1<ed plots lrom year to.year . 
we not iced that the cattle tended to 
graze heavily on the same plants they 
had utilized the year before . Similarly . a 
plant that had been neglected one year 
would be likely 10 have an easy 1,me 
when the grazing season rolleb around 
again a year later . Since there was a 
brand new croo of heifers each year. we 
knew that the livestock were not simply 
remember ing where the best plants 
we re from one year lo the next. We also 
ooserved that the catlle generally 
grazed down a patch of grass . perhaps 
only a few feet wide . and then moved on 
without paying much attention 10 forage 
Detween patches . 
The select ivity with which the cattle 
grazed the stands of almost pure 
c rested wheatgrass was oov,ousty an 
,nefficient process of forage ulil izat,on . 
If some plants could withstand 80 
percent ulllizarion year after year . while 
the pasture overall suffered only 50 
percent utilizat ion . why not try 10 graze 
every plant to the same degree . spread 
the burden of defoliation evenly . and 
carry mo<e livestock? This goal assumes 
either that every plant would be eQually 
attractive oi that the density of livestocic 
would be so high that competition 
among lhe heifers would reduce the 
oppor1un1ty 10 graze selectively . 
c.u ... of p,.f-• 
we had no reason 10 t>elievo that there 
was a large difference in the palatability 
of the leafy green foliage between in-
dividual cresled whealgrass plants . The 
caltle "s aversion to the larger grass 
bunches made us suspect , hOwever, 
Iha! lhe substantial' amounl ol old slraw 
which lhese larger plants carried over 
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winter reduced !hei r forage appeal. New 
green foliage growing up amcng this 
straw was. therefore . somewhat 
protected from grazing . To test this 
hypothesis. many pa11s of ma lch1ng 
plants -re IOCated in the field before 
grazing be9an. each memoer ot a pair 
being allOut the same size and with a 
similar amount of overwintering straw . 
One member ot the pair was chosen by 
a toss of a co;n to be deprived ot its 
rObust winter stalks . The deslraw1ng 
was oone by hand . Aller the pasture 
was grazed . the plants were checked tor 
the degree of grazing impact as 
measured by what percent of the plant 
canopy showed signs ot defoliation . 
The results. depicted graphically in 
Figure 1, indicated that plants without 
straw were grazed sign ificantly more 
than plants wnose straw had been left ,n 
place . whether or not the destrawed 
plants were large or small . Among the 
plants that had kepi the11 straw. the 
amount of defoliation declined as plant 
size increased . This experiment helped 
explain how large bunchgrass plants 
become progressively less attractive to 
cattle , ace<Jmulating more and more 
straw . Such plants eventually die out ,n 
the center ; lhese are the plants we call 
· 'wolf plants ." 
S.lf1*1)etuatl119 Probl•m 
Once grass plants go through a season 
ot neglect from livestock . the straw 
effect oecomes self.reinforcing and, 
with overau moderate levels of 
utilization (experienced under traditional 
grazing) , ii is ditficull to reverse the 
trend !award !he wolf plant growth habit . 
In practical lerms , !he rancher who 
inspects his pasture al the end ot the 
grazing season may conclude tnat 
utilizalion has been al about 50 percent . 
However, a reasonably large portion of 
lhe initial ICM'&Qe available. let's say a 
QUarter, could have come trom wait 
plant foliage . His estimate ot u!ilizalion , 
lherefCM'e, will have been strongly in-
fluenced by the standing green foliage 
ot plants that may never be harvested 
by his livestock. While wolf plants were 
scarcely touched. the rest ot 1he grass 
plants would have an average 01 1wo-
lh11dS ot their foliage removed , w•th 
many plants grazed more severely than 
that. II our hypothetical rancher decided 
10 carry his livestock a little tonger on 
that SO percent-tJsed pasture 1n order 10 
lake of! more of the remaining green 
feed. he m,ghl find that the cat tle wou ld 
revisit plants already grazed . I001<1ng lor 
regrowth ,1 it had occurred . wh ile 
cvn11nu1ng h) neglect ine conspicuous 
· ·green teed" on the wolf plants . 
The deterrent to grazing posed by 
flowering stalks f rom the previous year 
and the resullanl develOpment ot wot! 
plants. is largely a spring grazing 
prOOlem. We have noticed !hat it a 
crested wheatgrass pasture ,s saved tor 
tall graz ing, utilization tends to be more 
even . Selectively tor fresh green grass 
is less acute in the fall . Also . the growth 
lrom lhe preceding spring and summe r 
is more attractive before winier than 
afler ,t . 
It is in early spring , however . that 
crested whealgrass forage has premium 
value and spring grazing is the process 
in need ot maximum ett iciency . II the 
absence ot old flowering stalks im-
proves the appeal of spring forage and 
promotes a more even utilization . !he 
next ques11on becomes " How can we 
ei,minate the straw?" Mowing in !he fall 
would be effective. but too costly on 
most rangelands . Fa11ly heavy grazing 1n 
the tall could remove most of the straw 
by consumption and trampling while 
taking much ot the tall regrowth in the 
process . A pasture lhus treated . 
hOWever. may be debilitated by another 
grazing early the following spring . 5 
Summer grazing is not the answer . 
either . In summer. crested wheatgrass 
plants prOduce seed . which drains the 
leaves ot nutrients. causing them to dry 
up and die . leaving the plan! in a kind ot 
dOrmancy . At this time ot the year. 
palatability declines dramatically and 
nutritive value declines . No rancher 
would be willing to stock his foothill 
ranges with enough cattle to force 
consumption ot seed heads , stalks and 
all. especially if he has summer grazing 
permits on green pastures in the 
mountains ; which brings us baci< to 
spring . 
T-•rd a Solution 
During spring, the inflorescence ot 
crested wheatgrass first becomes 
accessible to the grazing animal in a 
very palatable form . When the grass 
~tem (culm) begins to elongate, 
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thrusr,ng lhe immature inflorescence up 
lrom ,ts protected hiding place deep ,n 
lhe shoor near rhe crown of the plant. 
rhe plant s,gnats that it 1s sw,tcr.,ng Its 
emphasis lrom lotiage growth to 
reprOduct,on. The young inflorescence 
enlarges and lorms a slight swelling 
within ,rs enclosing leaf sheath . This 
" boot " srage ot development appears 
quite Suddenly and lasts only at>out a 
week . The inflorescence then emerges 
lrom the sheath and continues to rise on 
,ts pedestal toward maturity . &rt during 
its brief periQd in the boot , it is readily 
grazed . Once 11 has grown out of the 
" boot " the ,nflorescence tends to be 
avoided by livestock . 
In spring 1982 we attempted to 
prevent crested wheatgrass plants from 
entering their rep,Oductive phase by 
subJecflng them to heavy grazing while 
the inflorescences were still in the boot 
stage . Utilization of about 85 percent of 
the forage over an eight-day period. 
begrnning when the boot stage was first 
detected (May 22). achieved the desired 
end. The pasture IOOl<ect devastated until 
a summer ra,n fell . Then there was flusn 
ol green growth . The ad1acen1 contrOl 
pasture had gone lo seed and made no 
v,s,bte resp0nse to that rain . The 
contrast in available forage ,s Obvious in 
the photo taken a couple ol monrhs 
later . Achieving the princ,pat goal to 
prevent flower stalk development had a 
porentially valuable side ettecr. namely . 
foliage growth during summer when 
crested wheatgrass is normally dormant . 
We expect this pasture to prOduce 
more than average forage next spring . 
since its nutrient and energy resources 
were preserved from allocation to grain 
in the Seedheads. Then. too, its plants 
carried a crop of photosynthetic leaves 
for much longer than did comparable 
plants that were shunted ,nto repro-
ductive dormancy and whose new leaf 
crop was delayed until lall regrowth . We 
also expect that since few flowe11ng 
stalks will be carried over the winter . 
the pasture will be utilized more evenly 
when grazed early next spring. It will 
take another year of research to be 
sure. but if our expectations are con-
firmed. then efficiency of use ol the 
crested wheatgrass seedings could be 
considerably improved. without reducing 
the vigor of the stand . 
Translated into management strategy 
for a ranching operation. a particular 
crested wheatgrass seeding (or part ol 
11) should be set aside !or intensive 
grazing during its boot stage ,n lare 
spring . That pasture would thus be 
· prepared to sustain the main graz,ng 
pressure early the IOllowing spring Th,s 
burden of early spring graz ing wou ld 
have to be rotated annually arouno 
several pastures to allow each to 
rscover . 
For a rancher , this strategy could 
re<lui,e carelul ptann,ng and more 
sopn,st,cated management . perhaps 
using temporary electric fences to set 
asicJe the portion ot the seeding 
reserved tor hea"Y May graz,ng one 
year and early spring grazing the next . It 
could . hOwever. provide clear economic 
benefits by increas ing carrying capacity 
rhrough more ell icient utilization and by 
reduc ,ng lhe April demand tor stored 
leeo . 
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